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When Dirnane M-22 (maneb) 
takes over disease control you can spot the 

field *ta mile-away’’. The rows look lush and 
greener, the tomatoes free from disease blemishes, 
the vines loaded with more and bigger fruit. 
Experiment station tests show that yields are often 
as much as 15% higher with DirHaNne M-22 than 
with other types of fungicides. Some workers 
claim it’s all due to better control of 
anthracnose, early and late blight, 

gray leaf spot and Septoria leaf spot. 
Others point out that the improved 
condition of the foliage is another benefit. 
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U.S. Pat. Off. and in principal foreign countries. 
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RESISTANCE TO VIRUS ¥ 


> 
\. 


IN THE POTATO! 


H. Bagnall and R. H. FE. Bradley ? 


SUMMARY 


reacted with 


that 
common strain of virus ¥ 
under conditions in which varieties that usually de- 


to 
were resistant in the field 


Potato varieties necrosis a 


veloped symptoms of mosaic were relatively 
ceptible. Further, stocks 
crown in the field for 4 successive vears, there was 


sus- 


when non-rogued were 
a progressive increase in the number of infected 
plants in varieties that developed mosaic symptoms, 
but the virus appeared to be self-eliminating 
that reacted with This field 


varieties necrosis. re 


sistance could not be reliably assessed by aphid 
inoculations with virus Y in the greenhouse. In 


greenhouse trials, infective aphids placed on young 
upper leaves transmitted the virus to more plants 
than did those placed on middle or lower leaves. 
Young upper leaves of infected plants were the best 
source of virus for aphids. Varieties with mosaic- 
type symptoms had a higher virus content than did 
the former 
also were the better source of virus for aphids. 


varieties with necrotic-type symptoms; 





Resistance to virus Y in the potato has been reported 


by a number of workers (3. 5, 10. 18. 19. 20, 21. 23. 
24) but there is no clear agreement as to its basis. 
Discussions have centered about resistance to initial 
infection (5, 8, 23). hypersensitivity (3. 11, 12, 13, 15, 
17. 18). localization of the infection (9. 13, 16). and 


virus-inactivating mechanism (17). Some workers ap- 


to regard these terms as essentially 


peal synonymous, 
whereas others consider them to be distinct in varying 
degrees. Nor is there agreement on the best way to 
test for resistance to virus Y. Such tests have been 
hased on inoculation by tuber grafts. by stalk grafts. 


by various applications of infective sap. by artificial 


colonization with infective aphids. and by exposure 


In 


virus Y is spread by aphid vectors. notably the species 


in 
the field in proximity to infected plants nature, 


Vycus persicae (Sulz.): hence, field testing is prob 


ably the most direct way to assess resistance that would 
be of practical worth, but to be reliable it) must be 
repeated several years on a sufhciently large scale 
Bawden and Kassanis (5) reported that susceptibility 
to virus Y in the field could be assessed from the re 
sults of aphid inoculations with virus Y in the green 
house. Cockerham. M’Ghee. and MacArthur (11, 12). 
Hatten (15). and Bagnall (3) correlated resistance to 


virus Y with necrotic-type symptoms in infected plants 
\ method | 


potato see lings to virus Y 


wv which the resistance o1 susceptibility of 
could be determined would 
of value in a breeding program. With this in mind, 
studied the merits of some tests f resistance 


to virus \ 


Our 


we have 7 


the correl hetween ’ 
field 


hat showed necrosis were not always resistant to aphid 


results confirm ition 


reaction and resistance but plants 


\ | for pul ition October 7. 19 
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12] 


the results of our 
greenhouse tests did not as closely parallel the field 


did of Kassanis ( 


Since several varieties proved highly resistant in both 


inoculation under glass. Therefore 


results as those Bawden and 5). 


our field and our greenhouse tests, greenhouse testing 
may yet be of value in the development of a superior 
type of resistance. 

FieLp TRIALS.-Three separate trials were made to 
evaluate the relative susceptibility of different varieties 
in the field. 


commenced in each of the years 1951, 1952, and 


\ new trial was 
1953, 
Il. and II. respectively. 


to infection with virus ¥ 


representing Experiments [, 


Initially, in each experiment, replicated plots of 
healthy varieties were grown in proximity to Green 
Mountain potatoes infected with a common strain of 
virus Y. Each plot consisted of 50 plants in a 40-ft. 


length of a single row: there were 


10 plots in a full 
row, with 3-ft. cross-alleys between plots, giving a total 
length of ft. The 
thereafter, planted 


97 


«/é 


and every third row 
virus-¥ 


Mountain, so that every plot was bordered on 1 side by 


s¢( ond row, 


was with infected Green 


diseased plants. In Experiments I and II, there were 


; so that the layout con- 


10 varieties replic ited 8 times 


sisted of 8 plot-rows and 4 diseased rows; in Experi- 


ment II], there were 12 varieties repli ited 10 times, 
thus 12 plot-rows ind 6 diseased rows Somewhat 
different varieties were used in each experiment, but a 
balance was maintained between those reacting with 
ecrotic-type symptoms and those reacting with mosaic 
symptoms. The plots in each experiment were rogued 
during the early part of the nit il season to insure 
that any diseased progeny represented infection con- 
tracted during the experiment. There was no indica- 
tion of first-year symptoms of virus Y infection in our 


field experiments. 

\t harvest, a sample of SO tubers was collected from 
each plot, and the entire layout was re planted the fol- 
but 


the 


lowing veal with the rows 


of diseased plants ab- 


sent. During second year of each experiment, 


unts were made of diseased plants as soon as relia- 
visible. These were taken to repre- 


ble 


sent field spre id of virus 


syinptoms were 
Y during the previous year’s 


exposure, 


120) was issued February 17. 1958 
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Experiment l 
and Experiment I] 
was continued to det 
several ye 


each plot were 


ars exposur®re 


ings, and the layout was 


in 1956, the rows of d 
fected plants were 
none were rogued. A 
each plot at the 1956 h 
house in the spring of 
In the field, virus-) 
Epicure and Keswick 


mild symptoms that were 


As a check on the 


selected plants vere 


the late winter and 
especially favorable 
From time to time 
house were tested 
differential host p 
reaction in San 
simultaneously 
immunity of Dat 
as criteria. 
Table 1 sumn 
II. and Til. The 
seedling is des ite 


based upon secor ad 
mottle and necrot 
In general, tubers fi 


stunted plant 


} 


duced 
the stems and fo 
times shortly after 

Table 1 
symptoms 
fection 


type 


shows 
were compa 
( onverse 


SV mptoms 


Taste 1.—Per 
(F vperiments 1. 1] 


> 
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grow? 

Variet 
Craigs Defiance: 
Green Mountair 
Keswit k 
Epicure 
Irish Cobbler 
Seedling F451" 
Canso 
Pontiac 
Warba 
Seedling 41956 
Katahdin 
Seedling F4519° 


Kenneber 


* Based on 
» Based on 500 tubers 
* Based on 100 tubers 
Mr. I 
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1 after the 1952 


periment II. | 


readings 


owever, 
cumulative fect of 

he of 50 tubers from 

‘ 1 after the 1954 read- 


avain 


i plat being absent In 
Pac of these years. but 

le of 10 tubers, taken from 
planted in the green- 


lai count 


ints of the 


i | Varieties 
Seedling I 5] developed 
ditheult 


Tit ld counts, 


etimes to detect 
tubers trom 
he greenhouse during 
under conditions 
development 

ind 


he ld 
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“dp Mocul 


Y by 
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Vicotiana tabacum | 
es X and Y and the 


vreen 


ition 


on 


“spot” necrosis 


| Tort (4 were used 
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id ecrot lesions on 


lied prematurely. some 
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varieties Craigs Defiance and Green Mountain ap- 


peared to be particularly susceptible, whereas Seedling 
F4519 and Kennebec 
III. 
the 
creased from year to year and approached 100 per cent 


had outstanding field resistance. 
the total 
mosaic-reacting 


In Experiment number of infected 


plants in each of varieties in- 
in several, whereas in net rotic-type reactors there was 
little Infected stocks of 


necrotic-reacting varieties appeared to be self-eliminat- 


increase from year to year. 


ing. This conclusion was confirmed in another way, 


Each year we planted diseased specimens of different 
varieties for comparison of symptoms. Stocks of 
mosaic-reacting varieties could be regrown indefinitely, 
but 


plants and small tubers, could be maintained for only 


necrotic-type reactors, which produced stunted 


») 


l or 2 years. No tuber necrosis was seen, but eventually 


plants died without producing tubers. 


Some degree of field resistance was shown by the 
mosaic-reacting varieties Canso and Irish Cobbler and 


F451. 


sistance of any of the necrotic-type reactors, 


Seedling This was not comparable to the re- 
but 
be useful as a supplementary type of resistance. 


PRIALS. 


may 
GREENHOUSE Since aphids spread virus Y 
in nature, aphid inoculations in the greenhouse pre- 
sumably are the most likely to give results that apply 
to the field. The method of inoculating potatoes with 
virus Y in the greenhouse was similar to that which 
the 
virus to 50-70 per cent of young White Burley tobacco 


normally results in single aphids transmitting 


plants. Briefly, adult aphids or late-instar nymphs of 


WV persicae were kept without food a tew hours. 


allowed 1 or 2 brief probes into a tobacco leaf showing 
virus Y, 
and then transferred to the plants to be inoculated, 


well-developed symptoms of infection with 


where they were allowed to feed several hours: after- 


wards the aphids were killed by fumigating the plants 
with nicotine (7). 


Effect of plant age and inoculation § site.— Before 


comparisons were made of the susceptibility of differ- 


potato plants were grown ] vear adiacent to diseased plants 


(} rperiment 1/1) u hen unrogued stor Is were re 


Experiment Reaction to 


1955 1956 195 infection 
51 95 100 Mosaic 
25 84 O83 Mosaic 
18 79 g? Mosaic 
14 71 9? Mosais 

7 14 73 Mosai 

8 1] 66 Mosak 

10 5 73 Mosaic 
Nex rosis 
l 8 ’ Necrosis 
l 2 Necrosis 
l 6 h Nex rosis 
0 0.2 0 Necrosis 
0 0.4 0 Necrosis 


Brunswick. 
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ent varieties to aphid inoculation with virus Y, tests 
were made to determine the effect of plant age and 
inoculation site on the numbers of potatoes that be- 
came infected. Healthy plants of the variety Green 
Mountain were grown on a schedule that allowed 
simultaneous selection of plants 1, 2, 4, and 8 weeks 
after emergence. Aphids that had just probed infected 
tobacco were placed singly on an upper, middle, ot 
lower leaf of plants of the different ages. The aphids 
were observed for at least an hour to ensure that they 
did not leave the leaf on which they were plac ed. Tests 
were done on 10 plants for each age and leaf position 
on 4 different occasions. When plants developed cur- 
rent-season symptoms at least 1 month before they died, 
such disease readings were taken as the numbers of 
infected plants; when current-season symptoms de- 
veloped during the last month, however, 1 tuber was 
taken from eac¢ h plant and regrown tor second-yeal 
disease readings. The results (Table 2) show that 
except for l-week-old plants, whose leaves differed 
little in age. more infections resulted from aphids 
placed on the upper leaves than from those placed 
on middle or lower leaves. Plant age had little 
effect on the numbers of infections so long as aphids 
were placed on the upper leaves, but when they 
were placed on middle or lower leaves, infections de- 
creased as plant age increased. Thereafter, aphid 
inoculations were made by placing infective aphids on 
the young upper leaves of plants 2-4 weeks after 
emergence. 

Varietal resistance to aphid inoculation.—Aphids 
that had just probed infected tobacco were trans- 
ferred singly to young upper leaves of each of 10 
plants of each of 11 varieties. Young healthy tobacco 
plants also were included to show whether the in- 
fectivity of the aphids was normal. The experiment 
was done on 5 occasions to make a total of 50 plants 
of each variety. The sharp distinction between the 
susceptibility of mosaic-reacting and necrotic-reacting 
varieties was no longer apparent under the conditions 
of this experiment (Table 3). Warba,. resistant in the 
field. was among the most susceptible to aphid 
inoculation in the greenhouse, and the field-resistant 
seedling F4519 was rather susceptible in the green- 
house. Keswick, susceptible in the field. was the most 
resistant in the greenhouse. Green Mountain, suscepti- 
ble in the field, appears in an intermediate position 
in the greenhouse tabulation, Katahdin. Kennebec. and 


Tarte 2? Number of plants intecte following aphid inocu 
atior vith virus Y of different eaves of Green 
VWountain potato plants at intervals alter emergence 


No. of plants infected (of 40 inoculated) 
when inoculation was made the indicated 


Fond no. of weeks after emergence 

culate: | 2 | 8 
Upper 15 18 20 16 
Middl 18 9 6 9 
Lower 10 3 7 6 
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laste 3.—Varietal susceptibility to aphid inoculation with 


virus } 

Percentage 

Potato Reaction to of plants 

variety infection" infected” 
King Edward M 52 
Warba N +4 
Majestic M 30 
Seedling F4519 N 26 
Green Mountain M 22 
Ontario N 20 
(_anso M 14 
Kennebec N 12 
Katahdin N 8 
Seedling 41956 N 8 
Keswick M 6 


M mosaic; N 


Based on 50 plants of each variety. In parallel tests 
with tobacco, 58 per cent of the plants became infected. 


necrosis, 


Seedling41956, however, were relatively resistant under 
both conditions. Bawden and Kassanis (5) also reported 
that Katahdin is resistant in the field and to aphid 
inoculation under glass; our results are also similar to 
theirs in that King Edward was susceptible and Ma- 
jestic moderately susceptible in the greenhouse. 

One tuber from each plant in the foregoing experi- 
ment was planted for uisease readings of second-year 
symptoms. For the most part, the results were the 
same as those based on first-year symptoms, but a nota- 
ble exception was the fact that tubers from 5 of 6 
Kennebec plants showing first-year symptoms pro- 
duced healthy plants. First year symptoms in Ken- 
nebee usually consisted of a necrosis of the leaf inocu- 
lated by aphids. This suggests that the reaction in 
Kennebec resembles the local necrotic-type reaction 
rescribed by Hutton (16) and by Corbett (13). 

In an experiment preliminary to the foregoing, 50 
plants of each of the same varieties, excepting Ken- 
nebec, were colonized with 2, rather than with 1, in- 
fective aphids per plant. Ve differences in suscepti- 
bility were similar to those shown in Table 3; however, 
the level of infection was over 50 per cent, even in re- 


sistant varieties such as Katahdin and Keswick. Hence, 


Taste 4.—Relative concentration of virus Y, as indicated 
hy serological assays. in various hosts and its avail 
ability lo aphids as ndicated by fransmusstion tests 


fo tobat CO 


No. of 

tobacco 

Relative plants 

Virus virus infected 

source concentration (of 50) 
Tobacco 96 6 

Potato 

Warba 2 3 
Green Mountain 5 9 
Seedling F451 1.0 12 
Seedling 41956 2.4 4 
Katahdin 2.4 3 


Expressed as reciprocal of highest dilution that gave a 


visible precipitate after 1 hour at 35°C. 
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resistant varieties also ofte 


inoculation is severe 
Virus concentration ar 
More 


they probed the youns 


aphids became 


than when they probed 
experiment that demor 
observed until it probed 
or lower leaf fron 1& 
second-year svn pton 
relative infectivitic 
mined by placir then 
tobacco plants Tr} 
infected potato pl 
high. A total of 160 | 
each of the 3 leaf pos 
upper, middle, or lower 
78. Ll. and 13 respectl 


Tests were made to det 


ences in the availability 


related with viru 


ally. | pper leaves were 


plants showing second 
Pairs of aphids were 
once into these if 
ferred to young 

aphids were tested 

and the experiment 
also was include 

of test plants infected 
ot irus \ 


finished probing thes 


availability 


the leaves and clarified 
10.000 G. This clar 
per cent saline and |] 
equal volumes of su 
Virus concent: ition 
highest dilution of sa 
after the 
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mixture wa 
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concentration \l| 
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sources of virus tor 
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American potat 
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rus concentration of 
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Earlaine, LaSalle. Marygold, Norkota, Saco, Sebago, 
Seneca, and White Cloud. 

Phe relationship between the necrotic-type response 
and resistance is not yet apparent. Self-elimination of 
necrotic-type reactors is probably a factor in prevent- 
ing year-to-year increases in the number of infected 
plants, but it does not appear to bear upon resistance 
respect. certain 


to first-year infections. In the latter 


mosaic-reacting varieties are more resistant than are 
similar to the 
initial resistance reported by Bawden and Kassanis 
(5) and by Cockerham, Grovier. and MacArthur (8), 
Cockerham et al suggest that such resistance would 
background for the ne- 
resultant 


others. This type of resistance may be 


provide improved genetical 


crotic-type reaction with a localization of 
most infections. 


We have not 


classify necrotic-type reactions of the different varieties 


attempted in the present work to 
as “systemic.” “lethal,” or “localized.” as did Hutton 
(16). although we recognize that these may be impor- 
tant considerations. All 3 reactions were observed on 


Never- 


we do not consider failure of a given reaction 


different occasions in each of several varieties 
theless. 
to meet some arbitrary definition of “hypersensitivity” 
(13. 17) to be grounds for rejecting it as a basis for 
held resistance. 

It is true that the resistance we have found has 
been shown by ourselves and others (13. 19. 24) to 
be overcome to a greater or lesser degree under stress 
of severe inoculations or exposures. It is also possible 
that supplementary or better sources of resistance can 
be found among wild potato species (8. 23) and 
can eventually be bred into commercially acceptable 
varieties. Nevertheless. the type of resistance that has 
been correlated with necrotic-ty pe response to virus Y 
is immediately available and has been shown to occur 


Hen e, 


favorably 


in some seedlings from most crosses (15. 18 
necrotic-type reaction to virus Y should | 
regarded in selection of new varieties. By contrast. no 
susceptible variety should be released if its field re- 
action is so mild as to make roguing difheult. This 
was encountered in some degree with several of the 
susceptible, mosaic-reacting varieties used in these 
experiments. 

It seems advisable that determination of symptom re 


should — be 


at least until the basis of resistance to virus Y 


actions supplemented by — field-exposure 
trials, 
is better understood. Aphid inoculations in the green- 
house may help eventually to develop a superior type 
of resistance but do not appear to be a reliable guide 
to field resistance at the present time. 

We have not considered, in the present paper. the 
possible effects of different strains of virus 
and Kassanis (6). Corbett (13). Hutton (16). Darby, 
Larson, and Walker (14). Munro (22). 2 


have reported different strains of virus 


Bawden 
and Ross (23) 
7 here may 
be differences in susceptibility of potatoes to different 


strains; a variety presumably would be more susceptl 


ble to a strain that induces a mosaic than to one that 
aphid-borne 
funda- 


induces necrosis. For the most part. 


strains of virus Y do not appear to differ 
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THE “MOST PROBABLE NUMBER” METHOD FOR ESTIMATING 
POPULATIONS OF PLANT PATHOGENIC ORGANISMS IN THE SOIL! 
Otis C. Maloy and M. Alexander * 
SUMMARY 
The “most probable imber” method has been — different dilutions is used to obtain the most proba- 
adapted to the estima of populations of 2 plant ble number of organisms in the original inoculum. 
pathogenic fungi, / solani {. phaseoli and The normal soil microflora does not appear to 
Thielaviopsis basico the soil. The method re- interfere, even when the pathogen is present in low 
quires the preparation i dilution series of the numbers in the test soil. Good agreen.ent was ob- 
soil sample and 1! ilation of suitable test served between estimates of populations based on 
plants After an ade incubation period, the plate counts of the spore suspensions used to infest 
plants are examined for symptoms or signs of in- — sterile soil and estimates by the “most probable 
fection, and the numbe showing infection at the number” method. 
At the present time no satisfactory method (3), the most probable number of organisms in the 
of estimating the pop 1 plant pathogen in first dilution resulting in growth in all replicates, i.e. 
the soil. The plate ¢ t is not applicable because — 10 can be obtained. In this example, the value 
these organisms are rally poor competitors for would be 11.0. Multiplication of this by the dilution 
nutrients on an a ind there are usually factor gives 11.000, the population of organisms pet 
no media sufficiently selective for their isolation and unit of original inoculum. The same reference also 
enumeration. In addit equently very difficult vives tables for 2. 3. and 4 replicate tubes per dilution. 
to distinguish many | from similar sapro Tables of “Most Probable Numbers” for 5 and 10 
phytic species by ests. Plant pathologists replicates are presented by Halvorson and Ziegler (6), 
occasionally infer populat he basis of various who used the dilution corresponding to the second 
disease indices | test howe ire not number of the code for calculation of probable 
necessarily estin r 1 specifi numbers 
microorganism except Ww certain narrow limits \ series of experiments was carried out to determine 
such estimates being cond ed by the susceptibility if this method might give an estimate of the popula- 
of the host and the inte p of var environ tions of plant pathogenic microorganisms in the soil. 
mental factors VIATERIALS AND METHODs.—-Two fungi were studied 
The procedure descr paper has been used as test organisms, Fusarium solani {. phaseoli (Burk.) 
extensively for estin icterial populations in) Snyd. & Hans. and Thielaviopsis basicola (Berk. & 
water and sewage (8 1 has al been adapted to Br.) Ferr. The host plants. used here essentially as 
the enumeration of ie (] In addition, Brock testing “media.” were Red Kidney bean plants (Phase- 
well (2) has used indicat lants for the estimation of | olus vulgaris L.) for the former microorganism and 
populations of nodul ter peat cultures. The carrot (Daucus carota L. var. sativa DC.) disks (9) for 
theory upon which qu = based has been the latter. In the experiments with the bean Fusarium. 
discussed in detail by Ha m and Ziegler (6) and — surface-sterilized bean seeds were planted in sterile 
more recently by Coch Phe method consists of — soil contained in 3-in. pots, 1 seed per pot, and these 
preparing a dilution the sample of liquid) were inoculated after germination and elongation of 
or soil and transferring a rom selected dilutions the hypocotyl. 
to replicate tubes of medium. The numbet \ spore suspension of the test fungus was prepared 
of tubes in which ther rowth or some. specific and the spore concentration was determined by plate 
biochemical change led for each dilution, and counts on potato-glucose agar acidified with 1 drop 
the data for the highest d hat resulted in growth — of 50 per cent lactic acid per 20 ml of medium and or 
in all tubes (or a suita roportion of positives) by direct microscopic count made with a hemocy- 
ind for the 2 ons are used to form tometer. For the test. a quantity of this spore suspen- 
the code number es received aliquots | sion was mixed with sterile soil to give a known num- 
from each dilution ind ¢ wt oct irred in all tubes ber ot spores per unit weight. \ dilution series was 
at 10 in 3 tubes at 10 e at 10 ind in then prepared with either sterile soil or sterile water 
no tubes at higher dil the code number would — as the diluent. Soil was used in the earlier experi- 
be 531. By use of a table of “Most Probable Numbers” = ments. but water was used subsequently because of 
(M.P.N.) such as tl Buchanan and Fulmer the ease of making dilutions and in order to provide 
maximum opportunity for the inoculum to come in con- 
tact with the test plant. When the dilution series was 
' Accepted for p Uctobel a prepared in soil, the soil of each dilution was divided 
“Graduate Assistant | Pa vy and Assistant : a ; 
ities of Got sient ell Un; into 5 equal portions and a bean seed planted in each 
versity, Ithaca, New aliquot or a carrot disk was placed on each. After 
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Taste 1.—Estimates of populations of Fusarium solani { 
phaseoli and Thielaviopsis basicola in infested soil 
made by the “most probable number” (M.P.N.) 
method and by plate count 

Population per g soil 


Expt. no. Plate count M.P.N. method 


F. solani {. phaseoli 


l 92.000" 29 000 
2 17,250 3.860 
5 33,000 19.000 
} 52.000 23.000 
T. basicola 
> 36.500 74,250 
6 1,310 1.973 
7 1,310 1,393 
8 1.310 1.333 
9 1,310 860 
10 1.310 1,600 
1] 62.000 64,000 
12 17,300° 11,500 


Direct microscoph counts used to measure the spore 
population, 


In this and the 4 following experiments, aliquots of 


the same spore suspension were used to infest all 5. soil 
samples 
a suitable incubation period, the test plants were 


examined for symptoms or signs of infection. When 
water was used as the diluent, 1-ml aliquots of the 
desired dilution were pipetted onto the test plants, 

Resuits._-Estimates of the pathogen population 
added to the soil were based on plate counts, with the 
exception of 3 experiments in 2 of which the plate 
method gave values considerably lower than those 
found by direct count. Both of these experiments in 
volved T. basicola, and subsequent study indicated 
that the acid medium used for these plate counts sup 
pressed the development of colonies 

In the experiments involving estimations of popu 
lations in infested soil. there was in general good 
agreement between the values calculated from plate 
or microscopic counts of the original spore suspension 
and those obtained by the M. P. N. method (Table 1). 
There is some indication that the M.P.N. procedure 
may tend to underestimate the number of viable units 
in the soil, a result not entirely unexpected, since con 
ditions in the soil allowing for development of a single 
cell into an infective population are undoubtedly not 


a- favorable as are those allowing lor development ot 


Taste 2. Estimates of populations of Thielaviopsis basi 
oiaon ade by the “most probab er umber” { M .P.N.) 
method wu the presence ola ompetiuive Sol micro 
ore 

Ratio of infested Population per g soil 

soil to field soil Plate count ML.P.N. method 
1:0 2 600 1,440 
1:] 1.300 1,320 
1:9 260 165 
1:99 26 22 
0:1] 0 
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a colony from a single cell on an agar plate in the 
laboratory. Despite this possible difference, one that 
warrants further study, the M.P.N. values are a valid 
estimation of the numbers of pathogenic organisms 
added to the soil. In 1 study involving the addition of 
the same number of spores to 5 soil samples, the 
counts obtained varied by no more than plus or minus 
1.5 times the soil inoculum. 

In order to determine if a population of a specific 
pathogen could be estimated when present in low 
numbers and when in competition with the normal 
soil microflora, the following experiment was carried 
out. Sterile soil was infested with T. basicola, the 
population being previously determined by plate 
counts. This infested soil was mixed in ratios of 1:1, 
1:9, and 1:99 with a field soil believed to be free of 
I’. basicola. Dilution series of the undiluted infested 
soil, the field soil, and the mixtures were used to 
inoculate carrot disks that had been soaked in a 0.05 
per cent streptomycin solution for 16 hours prior to 
inoculation. The streptomycin treatment was included 
in order to prevent the development of bacterial soft 
rot, which tended to inhibit or obscure development of 
T. basicola. Positive growth was confirmed by micro- 
scopic examination of the carrot disks after incubation 
for 1 week. 

The results indicate that the normal soil microflora 
does not interfere with the determination, since popu- 
lation estimates obtained when the infested soil com- 
prised a very small proportion of the total volume of 
soil were in good agreement with those expected on 


the basis of plate counts (Table 2). It should be noted 


that numbers as low as 22/g can be determined by 
the procedure described. The results also show that a 
100-fold variation in abundance of the fungus can 
be detected with no significant loss in accuracy. 
Cochran (5) has stated that at 10-fold dilutions the 
factor for the 95 per cent confidence limit is 3.8 for 
t samples and 3.3 for 5 samples per dilution. Of 63 
replicates in 16 separate experiments, the results of 79 
per cent of the replicates and 94 per cent of the experi- 
ments were within the 95 per cent confidence limits of 
the number expected on the basis of plate or micro- 
scopic counts. In the 16 experiments reported, 3 to 5 
replicates were used to estimate the mean count for the 
M.P.N. procedure, providing a total of 63 individual 
determinations. By the use of Cochran’s values to 
establish the 95 per cent confidence limits for each 
of the counts and the means, it was found that the 
population estimates obtained by plating (or by micro- 
scopic count) fell within the confidence intervals for 
15 of the 16 experimental M.P.N. means and for 50 
of the 63 individual determinations. 
Discussion.—The “most probable number” method 
may be applied to the estimation of populations of 
plant pathogens when one considers that the host 
plant actually serves as a selective medium. that infec- 
tion and subsequent symptom expression indicates the 
presence of the pathogen. and that an environment 
conducive to infection generally can be created and 


maintained. An assumption that must necessarily be 
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ore mycelial 


made is that a single n ial unit (s} 
fragment, sclerotium. et ca cause infection follow 
ing growth and development. It is possible. however 
to express the results te sof “intection units in 
order to circumvent this a nption 

The results obtained ested soil. both in. the 
presence and absence I peting microflora. were 
generally well within the i I il limits. although in 
a number of experiments the estimates were somewhat 
lower than would be ¢ ected on the basis of the 


zed. however. that the 


plate counts. [It shoul: 


3 methods mentioned het or enumerating the tung 
actually determine different populations The direct 
microscopic count detert the total number of prop 


agative units present, the plate count gives the numbet 
of viable units, whereas t most probable number 
method estimates ¢ nite t population lt is not 
unreasonable, therefore. 1 xpect that each method 
might give a somewhat ‘ ilue than the preceding 
one, 

The incubation perivoe mportant factor to hye 
considered when the most probable number” method 
is used, just as it n the plate count. In the one 
experiment that gave re ts falling outside of the 95 
per cent confidence limit Experiment 2 the fungus 
was F. solani f. p ; the observation was made 
after only 4 weeks | = probable that not 
enough time was allowed for dequate sympton le 
velopment ind th t the low timates 
In all other exper this fungus. the 
incubation period . ded to 6 week Another 
possibility is that the infe population of the culture 
comprised only a small ro rtion of the viable popu 
lation 

This method conce ably tye ipplie 1 to anv soil 
borne pathogen pr led itable test plant is 
available and that infect y that organism can be 
recognized by approp! ms o1 s. In thos 
experiments involvit he f earrot disks for Ve 
determination of 7. bas was observed that soft 


rot occasionally irred I likely that ar 
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e suitable for 


ate modification of the procedure might | 
determining populations of such soft rot bacteria. Un- 
doubtedly an extensive list could be compiled of organ- 
isms to which this method might be applied. including 
fungi, bacteria, and plant parasitic nematodes. The 
method described provides a valuable tool in several 
plant pathological problems. It should be of value 
in ecological studies involving plant pathogens in the 
soil, since it offers a means of determining the relative 
abundance of specific organisms whose estimation 
studies concer ned 


M.P.N. tech- 


nique may also prove useful in ascertaining the effects 


would otherwise be impossible. In 


with the control of plant diseases. the 


of various control measures on pathogen populati ms, 
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RED STELE ROOT DISEASE OF THE LOGANBERRY AND STRAWBERRY 
CALSED BY PHYTOPHTHORA FRAGARIAE! 


W. E. McKeen * 


SUMMARY 


On Vancouver Island an unthriftiness of most 
loganberry plantations has resulted from necrosis 
of loganberry roots during autumn and winter when 
the soil is cool and very wet. The root decay is 
incited by a Phytophthora sp. that invariably is very 
closely followed by Pythium spp. Difficulty is ex- 
perienced in isolating the primary pathogen because 
of its close association with Pythium spp., its rela- 
tively slow rate of growth. and its inability to grow 
at high temperatures and on certain media. An 


organic substance in soil water apparently stimu- 
lates the production of sporangia. This pathogen is 
considered a strain of Phytophthora fragariae be- 
cause of similarity in morphology, cultural habits, 
growth-temperature relations, and capability of 
causing red stele in the Huxley variety of straw- 
berry and in Fragaria vesca. 

The relationship of the loganberry race of P. 
fragariae to the race that causes root degeneration 
of raspberry is unknown because the latter has 
not been obtained in pure culture. 





\ general decline has been observed in vigour and 
vield in many loganberry plantations on Vancouver 
[sland (4) and in some raspberry plantations of the 
Fraser Valley of British Columbia. The most notice 
able symptoms of decline are unthriftiness and, oe- 
casionally, death of plants. Although cane gall and 
crown gall were found to be very serious in many 
plantings, it was apparent that the tumor-producing 
bacteria could not be responsible for this serious 
deterioration, because some plants free from galls 
were very unthrifty. 

{n examination of the roots during the winter season 
showed that a great many were necrotic and frequently 
were completely decayed. Because of this, a study 
was undertaken to determine the cause and nature of 
the root degeneration. Although raspberry is para- 
sitized by the same or very similar pathogens as is 
loganberry. the latter was used in this investigation 
because it produces large white roots on its “tips” 
throughout the fall and winter season. The ends of 
loganberry canes produce roots in the fall and shoots 
in the spring: these young propagating plants are 
called “tips.” 
etiological work. 


These roots are excellent for use in 


Symproms.—Loganberry plants appear to develop 
normally during early spring. but close examination 
shows that fewer new shoots emerge from the old 
crown than is normal, particularly in the low-lying 
areas of the field. Sometimes new shoots begin to 
emerge from the soil, but suddenly growth stops and 
they become brown and necrotic. Later in the season, 
when the fruit is beginning to mature. a physiological 
drought and starvation occur. The leaves become dry. 
brittle. curled. and frequently discoloured. The first 
berries to ripen may be fairly well developed, but the 
main crop is of inferior quality. The later berries 


never mature properly but dry and turn black on the 


rece plac le 


Accepted for publication October 7, 1957. 
Fhe investigational work was completed at the Plant 
Pathology Laboratory, Saanichton, B. C, 


- Associate Professor of Botany. 





When the unhealthy plants are removed in mid- 
summer, the crown and root system is not necrotic and 
new white healthy roots are present. The root system 
is restricted to a relatively small area about the crown 
(Fig. 2) of the plant, however. and does not appear 
to be large enough to support the aboveground parts 
during the fruit-maturing period when the soil is dry. 

Soon after the “tips” have rooted, infection begins 
to appear at the extreme tip of the root (Fig. 1), and 
the prevalence of infection increases as the winter 
progresses. The tip of the root first appears water- 
soaked and then turns chocolate brown. and this dis- 
colouration continues to advance up the stem. A red- 
dish brown discolouration of the stele occurs in ad- 
vance of the cortical browning (Fig. 3). 

ISOLATION OF CAUSAL ORGANISM.—Only “tip” roots 
were used, since the crown roots are unsuitable be- 
cause of their dark colour, their frequent superficial 
infestation with many saprophytic and weakly parasitic 
organisms as well as with primary parasites, and the 


Also the 


“tip” roots are free from laterals and grow vigorously 


small size of the young white crown roots. 


during the infection period. 

From pieces of infected roots placed in water, 
sporangiophores and sporangia developed in about 24 
hours; the presence of Phytophthora was easily ascer- 
tained. and this encouraged the author to continue 
attempting various techniques in isolation. The early 
failures of isolation resulted from various causes, such 
as high room temperature, unsuitable media, and con- 
tamination with bacteria and with Pythium spp. It fre- 
quently required 2 or 3 days after the root was placed 
in media for hyphae to emerge from the infected root. 
In potato-dextrose agar, the mycelium might become 
14 in. in length before cessation of growth. A day 
later the protoplasm within the hyphae would be ir- 
regularly broken into segments. and it was obvious that 
it was dead. This effect was brought about by dextrose 
(6). 

Success in isolation was achieved when a very short 
section of the stele. in which the transition in colour 
occurred, was embedded in water agar or in oatmeal 


agar as it was about to gel. These isolations were 
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placed at a temperature 


Proot OF PATHOGEN 


was 
grown on agar and ir 
in trays in Wisconsin 
at 5° and 10°C Both 


were planted in infeste 


marked difference 


artificially infested 


very 
the seedlings (Fig. 4 
became necrotic. It was 
berry was equally Isce 
The British Sovereign 
pea, corn, tomato, tur 
pepper, spina h. lettuce 
turtium, zinnia, hollyho« 


Kochia, cynog 
petunia remained free 


unable to grow also 


Fic. 1-7. Fig. 1. A 


of the roots are black a 
tively small zone a it 
tissue. —Fic. 4. Logar 
phthora inoculum was 


oogonium with an a 
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Steam-sterilized soil that 
th Phytophthora cultures 


ind medium was placed 


iture tanks maintained 
perry “tips” and seedlings 
nd steam-sterilized soil. A 
observed in the growth of 
the roots of the “tips” soon 
found that the Cascade 
eri red garden beet, 
cabbage, radish. sweet 
ler, carnation, poppy. nas- 
irigold, Canterbury bell. 
impanula, phlox, and 

is¢ The fungus was 
ipples. and green 





I . A red stele in 
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“tip” 
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and ripe tomato fruit. 

It was found, however, that the Huxley variety of 
strawberry and Fragaria vesca were susceptible. 

LIFE HISTORY CAUSAL ORGANISM. 
have encysted at the root cap send out a germ tube that 


OF Zoospores that 
penetrates the cortex. The hyphae grow in the stele, 
which turns reddish in colour, until they almost reach 
the crown. Asexual reproduction is carried on while 
the reot is parasitized if moisture and temperature are 
suitable. If 
sporangiophores immediately begin to radiate from the 


infected roots are immersed in water, 


infected tissue. 
When cultures of Phytophthora grown on oatmeal 
and lima bean agar are placed in distilied water, only 


a very limited number of sporangia are produced. 


Numerous sporangia are formed, however, if water 


from soil drains or water filtered through soil is added 
an autoclave 


Soil water sterilized in 


to these cultures. 
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‘infected by Phytophthora fragariae. Observe that the tips 
root system. Most of the roots are restricted to a rela- 
an infected root. The red stele extends into the white cortical 


The soil was steam-sterilized prior to planting and Phyto- 
>. A hypha with short lateral protuberances.—Fic¢. 6. An 


onium with 2 paragynous antheridia. 
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Fic. 8. Influence of temperature on mycelial development 
) and sporangial development | ...) of Phyto- 
phthora fragariae 


is equally as effective as soil water sterilized in a 
Seitz filter: however. when soil water is evaporated 
to dryness and flamed at a temperature under 400°C 
until it is a white ash, the ash (dissolved in aqua 
regia, diluted to the original volume. and adjusted to 
pH 7. the original pH) is not effective in stimulating 
the production of sporangia. The maximum number 
of sporangia is produced at a temperature of 12 

17°C. This is about 10° lower than that required for 
If the bathing solu- 
tion is left at a low temperature, liberation of zoospores 


maximum radial growth (Fig. 8). 


is very gradual but becomes very rapid if the temper- 
ature is elevated a few degrees. Zoospores encyst im- 
mediately at 30°; after 10 minutes at 28°, the majority 
are encysted. At 25° and lower, they remain active 
for about 5 hours, even in water containing ice and 
snow. 

The zoosporangia are borne terminally on undiffer- 
entiated sporophores that average about 90» but may 
vary in length from 10 to 270,. The zoosporangia, 
which soon become numerous, are at first spherical but 
later become pear shaped. They are nonpapillate and 
measure about 30-74 » & 26-52 p,. with an average of 
55 & 39u. Their wall is hyaline and slightly thickened 
at the distal end but otherwise thin. Germination 
usually occurs by the liberation of about 40 zoospores 
following the disappearance of the slightly thickened 
apical wall. Prior to the liberation of the zoospores. 
the protoplasm within the sporangium is broken into 
rounded bodies with 2 flagella: however. no move- 
ment of the zoospores occurs until they flow out of 
the sporangium. 

After the evacuation of a zoosporangium, a new one 
may develop from within the base of the original 
empty sporangium; the new sporangium may remain 
within or protrude beyond the original, depending on 
the length of its sperangiophore. Such sporangial 
proliferation may be repeated, 5 times being the 
maximum observed. 

The zoospores are ellipsoidal in shape. each having 
a definite groove on 1 anterior side. They may be 
observed most easily in water placed in ground con- 
cave depressions of transparent glass spot-plates. The 
particular dark field (not the normal dark field) 
obtained with the Leitz phase-contrast microscope 
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proved most suitable for observing the zoospores and 
their movements. The flagella appear as white lines. 

The zoospores are about 13 in length, and they 
have an anterior flagellum, about 20 in length, that 
points straight forward at all times and never waves 
about. In the mounts examined, the posterior flagel- 
lum, about 50, in length, was always trailing in a 
waving fashion directly behind the zoospore, which 
never stopped swimming until it encysted. The zoo- 
spore appeared to rotate as it moved forward and 
changed direction by flipping its posterior end toward 
its concave side and thus turned in the direction of 
its concave side. Two zoospores that were attached 
just behind their body by their posterior flagella were 
capable of making vigorous jerks in all directions until 
they separated, 

\t room temperature, the zoospores usually swam 
for 3-4 hours before they began to encyst. If they 
were sealed in a drop of water under a cover slip by 
parafliin wax, however, they encysted within 3 minutes 
after sealing. This may be due to haptotropism. First 
indications of encystment were a decrease in swimming 
speed and a rounding of the protoplast. As swimming 
stopped, the flagella began to lash from the point of 
Usually the 
flagella wrapped about the protoplast and were no 


insertion in an uncontrolled fashion. 


longer distinguishable. Immediately after encystment, 
a germ tube was produced that grew about 32 » pet 
hour at 20°C and sometimes became 1 mm in length 
in distilled water. 

Sexual organs are formed in large numbers in the 
central cylinder of the diseased roots grown in in- 
fested soil. Soon after the fungus is isolated and 
cultured on oatmeal agar, sexual organs are formed 
but their ability to do this is lost during culturing. 

The oogonia (Fig. 6. 7) are terminal or lateral on 
very short stalks. They vary from 31 to 53y in di- 
ameter (average 41) and possess a thick smooth 
wall. The oospores, 26—40 » in diameter, average 33 pi. 
and are spherical and lie free in their oogonia. Their 
wall is smooth and hyaline and averages 2 » in thick- 
ness. They contain finely granular protoplasm in 
which a single large oil globule is embedded. The 
heating of infested soil for 2 days at 30°C or highet 
killed the oospores: susceptible plants did not become 
diseased when they were planted in the heat-treated 
soil. 

In pure culture, the mycelium is fairly uniform in 
diameter and averages about 6 in diameter, but the 
range is from 4 to 9y. Fingerlike protuberances are 
produced if the medium is not suitable for optimum 
growth (Fig. 5). The fungus will not grow on media 
to which has been added reducing carbohydrates (6). 

Discussion.—In the past, a very limited amount of 
investigation has been carried out on the disorders of 
the underground parts of cane fruits (5, 2). This has 
been due to great difficulty in observing and investigat- 
ing the regeneration that occurs on a dark-coloured 
perennial root systein Also, a great many of the 
primary infections begin during the winter period, and 
aboveground symptoms usually appear after a con- 
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siderable lapse of time; consequently the trouble is Dryness, rather than high temperature, is the first 

not properly diagnosed, and studies are not under limiting factor to express itself in the spring. The 

taken at the appropriate time of the year sexual stage serves to oversummer rather than to over- 
The fact that the Phytophthora causing loganberry winter this pathogen. 

soot deweneration is a rac ' P frasariac is of con Because the ash from soil water is not effective in 

siderable importance (1 . les Ee ae CO ae inciting the production of sporangia and zoospores, 


a some organic substance in soil water must be stimula- 
there is more than 1 race of / fragariae but also 


. torv. 
that it might be very unwise to rotate loganberries and 
; c | DEPARTMENT OF BOTANY 
strawberries, urthermore, the mplexity of breeding 
I LNIVERSITY OF WESTERN ONTARIO 
strawberries resistant to red stele is enhanced LONDON, CANADA 
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HOST RANGE, SYMPTOMATOLOGY. PHYSICAL PROPERTIES, AND \ 
CROSS-PROTECTION STUDIES OF ORCHID VIRUS ISOLATES ! 


Harry H. Murakishi 


SUMMARY 


Virus isolates sel 1 { iverse genera of the Phe physical properties of 4 of the isolates. as de- 
Orchidaceae caused wid inge of symptoms in termined by tests on Spathoglottis plicata, were | 
the source plants. | itive studies made similar to those described for Cymbidium mosaic ( 
with the isolates OV ymptomatology virus. This basic uniformity in host reactions is 
host range, and phy ropertie vert the believed due to the presence of Cymbidium mosair | 
main, remarkably t cases, symp virus or strains of this virus in all of the isolates 
toms produced wy f I olate on 7 enera In some Cases, however. differences in hehavior 
of orchids and « D tramonium | were were noted. These were rather striking and dis- 
identical. Two new | hosts in the Orchia tinctive (\n isolate from Cattleya induced a top 
aceae, Miltonia ! R f. and Arundina necrosis of Spathoglottis and a flower color break 
hambusifolia Lindl... we ceptible to all isolates of Cattleya. An isolate from Dendrobium caused 
Vanilla planifolia And illy infected distinctive local lesions in Cymbidium and a color 
bv 4 of the isolates teste t exhibited no distinct break and mosaic of Dendrobium superbum Reichb 
symptom. The isolates iused no symptoms f. Similarly, Vanda mosaic virus was the only 
in plants of 23° nonorchid is genera. but re isolate to cause a color break in Vanda flowers. In 
covery tests to Spathos ata Bl. indicated cross-protection tests, it was demonstrated that the 
that virus multiplicatio ecurred in Cucumis isolate which causes Cattleya color-break contains 
sativus L.. Nasturt Zint egans a second virus unrelated to Cymbidium mosai 
Jaeq., Passiflo Ss LO SAIL virus. A mixture was also suspected in isolates of 

Dendrobium mosaic virus and of Vanda mosai 
virus but was not demonstrated in this” study 
Cattleya color-break virus proved to be the most 

Accepted for pu ee ‘3 stable of the isolates. It was not inactivated in 

Published with 1 == ee a vitro at 80°C for 10 minutes nor when stored at 
eels Aocicultaral Fan ~ ee ‘ye room temperature (20-30°C) for 32 days. Proper 
106. ties of Vanda mosaic virus, determined in an earlier 

2 Formerly Pathol f Hawa Present test. indicated that this virus is less stable than the 
iddress other isolates. It was inactivated at 60°C and afte 

Department of Botany t Pat! y. Micl in iging for 5 days. 
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Diseases caused by juice-transmissible viruses have 
of the 
These 


Dendrobium, 


heen reported in plants of 
Orchidaceae (1, 2, 3, 4, 5, 6, 7, 
Cattleya, 


Grammatophyllum, Laelia, Miltonia, Oncidium, Odon- 


many genera 
S, 9, 10, t2, 13). 


genera include Cymbidium, 


tioda, Odontoglossum, Spathoglottis, Vanda, and Zygo- 


petalum. Very little information is available. however. 


on the transmissibility of any virus from 1 orchid 


genus to another, although species of both Cymbidium 
(3, 4) and Spathoglottis (9) have been shown to be 
susceptible to viruses isolated from other genera of 


orchids. This aspect of virus transmission among 


different generic groups of the Orchidaceae is of con- 
since many of them 


siderable concern to growers, 


propagate clonally and maintain in a single nursery 
hundreds of orchid plants representing several genera. 
Furthermore, accidental transmission of orchid virus 
with contaminated knives and shears has been demon- 
strated to be readily accomplished under experimental 
conditions (4,5). It was therefore of interest to deter- 
mine, with the isolates and plants available in Hawaii. 


the host range, symptomatology. stability, and inter- 


relationships of viruses associated with distinctive 


-ymptoms in plants of diverse genera of orchids. A 
brief abstract of preliminary findings has been pub- 
lished (10). 

MATERIALS AND METHODS.—Virus cultures and test 


plants.—Source plants. representing 5 genera of 


orchids. were obtained from growers in the Hawaiian 
I-lands and were selected for their distinctly different 
Cattleya necrosis virus (CNV) was isolated 


streaks. 


was obtained from 


svmptoms 
Cattleya with necrotic leaf 
(CBN 
a Cattleva-Brassavola hybrid that had leaf mosaic and 
flower color break. (CMV) 
was isolated from an unnamed Cymbidium hybrid with 
(HMV) was 
maintained in Reichb.  f.. 
locally orchid. that had leaf 
mosaic and flower color break. Spathoglottis diamond 
(SDV) was hybrid of 
oglottis plicata Bl. and S. vanoverberghii that 


from a hybrid 


Cattleva color-break virus 


Cymbidium mosaic virus 


Dendrobium mosai 
Dendrobium 
Honohono 


leaf mosaic. virus 
Supe rhu ri 


known as 


isolated from a 


spot virus 


Spat} 
1 systemic Vanda mosaic virus 


\MA 


-plaved leaf mosai 


ringspoet symptoms, 
was maintained in Vanda Miss Joaquim that 


Each 


and blossom color break. 


of the isolates and subinoculated plants were kept on 
separate benches in an orchid lath house. and cultural 
operations were reduced to a minimum to prevent 
wcidental transmission. To prevent infestations by 


sects e plants were spraved periodically with in- 


ith t i 


sect les Test plants such as species of Cattleya, 
Cyml im, and Spathoglottis were seedlings that were 
free of anv disease symptoms. Species of Miltonia, 
Landa. Dendrobium, and Vanilla were propagated 
from healthy divisions or cuttings. All plants were 
maintained in a rapidly growing condition. since pre- 
liminary trials indicated that only young succulent 


tissue could be consistently infected. 
Vethod of inoculation.—Frozen. weighed leaf sam 
thawed and ground in a mortar’ to which 


2 ml water to 


ples were 
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| g of tissue. The crude juice was strained through 
cheesecloth and applied with a cotton swab to leaves 
After the 
leaves were rinsed with water, the plants were placed 


previously dusted with fine Carborundum. 


on benches in the lath house. 
ORCHID HOST RANGE AND SYMPTOMATOLOGY.—Symp- 
toms caused by the isolates were in most cases re- 


markably 


were noted. 


similar, but some outstanding differences 
Their effects on plants of 8 genera of 
orchids are given below. From time to time, the supply 
of orchid plants was limited so that in some cases 
recovery tests were not attempted. 

Cattleya hybrids.—With the exception of VMV, all 
isolates caused leaf and flower sheath necrosis about 
5 weeks after inoculation. This was followed a few 
days later by necrotic sunken streaks and ringspots on 
1A). After this stage, 6 
weeks or more after inoculation, the necrosed leaf was 
Unless 


the inoculated leaf (Fig. 
cast, leaving only the blackened pseudobulb. 
virus infection was followed by soft rot bacteria, the 
plant was not ordinarily killed, but new leaf growth 
was stunted, cupped, brittle, and often pock-marked. 
On CBV-infected plants. a coarse, white color-break of 
the flowers developed and was accompanied by a 
severe leaf mosaic. HMV induced a slight color break 
of the flowers and purple streaks on the new growth 
on 2 of 5 plants inoculated. None of the other isolates 
caused flower symptoms in Cattleya plants. Of 7 
plants inoculated with VMV,. only 1 reacted with a 
mild mottle. 
(5). no infection was obtained in Cattleya. 


In previous experience with this isolate 
Transfers 
back to the original host genus were successful for 
all isolates except VMV\. 

hybrids.—On hybrids, all 
isolates caused varying degrees of leaf mosaic; how- 
ever. HMV was the only isolate that induced local, 
necrotic, diamond-shaped These 
within 4 weeks after inoculation and were followed by 
a severe chlorotic CBY- 
infected plants developed a coarse mottle 4-8 weeks 


Cymbidium Cymbidium 


appeared 


lesions. 


mottle of the new growth. 
inoculation. All plants except those inoculated 
VMV later black streaks and 
necrotic patterns characteristic of Cymbidium mosaic 
(1). VMV caused only 
tests from the Cymbidium plants with mosaic to the 
originating host genera were successful with CNV, 
CMV. and SDV. but not VMV and HMY. Attempts 


Cattleya resulted in 


atte! 
with developed the 


a mild leaf mosaic. Recovery 


to recover CBV on sometimes 


only partial reproduction of symptoms. Leaf necrosis 
was consistently reproduced, but this was not accom- 


panied by the usual floral symptoms in some cases. 


Spathoglottis plicata.—All_ isolates except VMV 
iused diamond-shaped, necrotic, local lesions 2-4 


weeks after inoculation. The symptoms were similar to 
those previously described on this host (6). On the 
all isolates except CBYV faint 
to mild CBV-inoculated plants developed a 
severe. coarse leaf mosaic. Six to 8 weeks after inocu- 


new growth. caused a 


mosaic. 


lotion. all isolates induced systemic ringspot symptoms. 
The concentric ring patterns (Fig. 1.E) were in con- 


rast to the solid. necrotic. local lesions and extended 
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into the leaf base areas as partial rings and irregula sistently. 

necrotic markings. In addition to these symptoms, frundina bambusifolia Lindl.—In plants of this 
CBV caused a distinctive top necrosis, resulting in a species, all isolates caused local, necrotic streaks that 
blackened center shoot (Fig. 1.D). In recovery tests were followed by a yellowish, mosaic mottle in 6-8 
to the originating host genera. VMV and HMV failed weeks (Fig. 1.C). Recovery tests were attempted with 
to reproduce symptoms but other isolates did so con- isolates CMV and SDV only. In both cases, original 





Fic. 1. Leaf symptoms caused by orchid virus isolates. A) Local necrotic streaks and ringspots in Cattleya hybrid. B) 
Local lesions in Wiltonia bluntii. C) Necrotic streaks and mosaic in Arundina bambusifolia. D) Top necrosis of Spatho- 
glottis plicata. E) systemic ringspot in S. plicata 
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symptoms were reproduced on plants ot Cymbidium 
and Spathoglottis, respectively. 

Viltonia bluntii Reichb. f{—All isolates produced 
solid. reddish to reddish-brown local lesions in 10—14 


) 


days (Fig. 1.B). The spots were elliptical and aver- 
aged 1-2 Z 


6 mm. Later, leaves of infected plants 
developed a mosaic, and the plants were noticeably 
stunted. Transfer of the virus from Miltonia back to 
the original host was accomplished with all isolates 
except VMV. 

Vanda Miss Joaquim.—-Only isolates VMV and CBY 
caused symptoms in this host. VMV caused a leaf 
mattle and blossom color break whereas CBV induced 
mild leaf mosaic only. 

Dendrobium superbum.—HMV, originally isolated 
from Dendrobium, was the only isolate that caused 
symptoms on this host. Mosaic symptoms required 
from 1 to 3 months, whereas the incubation period for 
expression of color-break symptoms varied from 3 
months to 1 year. 

Vanilla planifolia Andr.—Four of the isolates, CNV, 
CMV, HMV, and SDV. were tested on this host. They 
produced no noticeable symptom except a slight down- 
curving of the tips of the new leaf growth: however, 
successful reisolations were made to Spathoglottis in 
each Case, 

NONORCHID HOST-RANGE STUDIES.—-Plants represent- 
ing 15 nonorchid families and 23 genera were grown 
from seed and inoculated when they were at the cotyle 
donary to the 2-leaf stage, but no symptoms could be 
detected. These included the following \MARANTHA- 
cEAE—Gomphrena globosa L.; ApocyNaceAg—Vinca 
minor |..; BALSAMINACEAE—I/mpatiens balsamina L.; 
CaRICACEAE—-Carica papaya L.; CARYOPHYLLACEAE 
Dianthus carophyllus L.; Composirar—Centaurea 
eyanus L., Cosmos bipinnatus Cay., Lactuca sativa L., 
Zinnia elegans Jacqg.; CruciFERAE—Brassica napus 
var. chinensis L.. Raphanus sativus L.; CUCURBITACEA 

Cucumis sativus L.; GRAMINEAE—Oryza sativa L., 
Zea mays L.; LecumMinoseak—Lathyrus odoratus L.., 
Phaseolus vulgaris L.; MAtvacear—Althaea rosea 
Cav.: PasstrLorACEAE—Passiflora edulis Sims.; So- 
LANACEAE—Capsicum  frutescens L., Lycopersicon 
esculentum Mill., Nicotiana tabacum L. var. Turkish; 
TROPAEOLACEAE—Vasturtium majus L.; UMBELLI- 
FEREAE—Apium graveolens L. In plants of Datura 
stramonium L., however, all isolates produced the char- 
acteristic local-lesion symptoms caused by Cymbidium 
mosaic virus (4, 13). Recovery tests from some of the 
symptomless test plants were made by taking a com- 
posite sample of only the new leaf growth 4-6 weeks 
after inoculation and applying the extracted juice to 
healthy Spathoglottis seedlings. Virus recovery was 
successful with the following symptomless hosts and 
isolates: Cucumis sativus (SDV), Nasturtium majus 
(CNV. CBV. CMV. SDV, and VMV). Oryza sativa 
(CNV and CMV). Passiflora edulis (CNV, CMV, and 
HMV)}. and Zinnia elegans (CBV and CMV). 
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PHYSICAL PROPERTIES.— ] ethods used to deter- 
mine tolerance to heat, dilution, and aging in vitro 
were similar to those previously described (5). Unless 
otherwise indicated, 5 Spathos lottis plants were inocu- 


lated by the leaf-rubbing id for each treatment 


With the exception of CBV, which was not inacti 
vated at 80° C nor after aging for 32 days, the physical 
properties of the isolates (Table 1) approximate those 
reported for Cymbidium n virus by Jensen (1) 
The thermal inactivation point for this virus was re 
ported to be between 65 ind 70° € and its tolerance 
to aging longer than 7 days. Similar inactivation tem- 


ind (,ood hild { ] +) 
\ustralia 


peratures were obtained by White 
for a Cymbidium mosaic virus in 
studies, 


CROSS-PROTECTION STUDIES.._In_ preliminary 


5 Spathoglottis plants with systemic ring- 


inoculation with CNY, 


inoculated with 


groups of 
spot symptoms due to prey 
CMV, HMV, or SDV wer 
the same 4 isolates. No lo 


ills nue 
esions developed in any 
which were 


of the plants except in the trol plants 


healthy when inoculated with each isolate 
In a later test. CBV and VMV were 


Spathoglottis 


included with 


the other isolates. Groups plants 


were inoculated with each isolate. After the plants be- 
came systemically infected roups were challenge 
inoculated with each isolat | pp necrosis, pre eded 
by a coarse leaf mosaic, appeared within 4-8 weeks in 


all series challenge-inoculated with CBY except in the 
series previously infec ted with tf ~ isol ité In the con- 


CBY 


and top necrosis In o-oo weeks alter ino¢ ulation 


induced local lesions within 2 weeks 
None 


iused symptoms except 


trol ser ie€s, 


of the other challenge iso] 


i 
in the control series that cde eloped local lesions The 


test was repeated with 20 plants used for each series 
and challenge-inoculated with CBY The results viven 
in Table 2 were similar to those of the previous test. 


DISCUSSION. The similarity of symptoms « iused by 


the isolates in most of the experimentally inoculated 


orchid hosts and in D. strame im suggests that each 


isolate contains the same \ strains of this virus 
White and Goodchild (13) reported that the loeal 
lesion reaction of D. stramo m 10 days after inocu 
lation is a reliable means for the identification of 
Cymbidium mosaic virus This was confirmed by 


Jensen and Gold (4) for a Cymbidium mosaie virus in 
California. Since all of the Hawaiian isolates caused 
similar symptoms in this host, it is probable that Cym 
bidium mosaic virus or its strains are involved. On 
some orchid genera we symptoms induced by 
an isolate were singularly different from those induced 
by CMV. For instance, it was noted that CBV pro 
duced a distinguishing top necrosis of Spathoglottis 
and a flower color break of Cattleya. Similarly. HM\ 
caused a distinctive local reaction on Cymbidium 


break Dendrobium, whereas 


Vanda. The 


and a blossom color 


\ MIV induced a color bre ik 


; isolates 


caused mosaic in Cymbidium. but attempts to recover 
the isolates in their originat lost genus resulted, in 
some cases, in only part il reproduction of symptoms, 
i.e. leaf necrosis but flower color break When 


Vol. 48 


2..Reaction of Spathoglottis plants infected by vari- 
inoculation with 


TABLE 


ous orchid viruses to challenge 


Cattleya color-break virus (CBV ) 


Virus with which 

plants were No. of plants No. of plants 
challenge- with top-necrosis 
reaction 


systemically 


infected* inoculated 


CB\ 20 0 
CN\ 20 10 
CMV 20 ll 
HM\ 20 8 
SDV 20 1] 
VM\ 20 9 
None 20 19 


Abbreviations used for virus isolates: CNV Cattleya 
necrosis virus; CBY Cattleya color-break virus; CM\ 
Cymbidium mosaic virus: HM\V Honohono or Dendrobi- 
um mosaic vrus; SD\ Spathoglottis diamond-spot virus; 
and VM\ Vanda mosaic virus. 


reisolations with HMV and VM\ 


symptoms were produced on Dendrobium and Vanda, 


were attempted, no 


respectively. This strongly suggested the presence of a 
second virus, in addition to Cymbidium mosaic virus, 
In a like manner, when Spathoglottis 


recovery otf H M\ 


syMp- 


in the isolates. 
was used as the intermediate host. 
and VM\ 


toms were clearly evident in this host. Only CBV could 


was not obtained, although systemi 


be transferred from its originating host to Spathoglottis 
and back to Cattleya. 
hecome infected by Cymbidium mosaic virus and by 


Apparently, Spathoglottis can 


the second virus present in CBV but not by any of the 
other orchid viruses that might be present as a mixture 
in HMV and VMV. 


protection test merely demonstrates that CBV contains 


In view of these facts. the cross- 


a second virus not related to the Cymbidium mosaic 


virus apparently present in all isolates. On similar 
grounds, the physical properties of HMV would only 
represent that of a strain of Cymbidium mosaic virus. 
Further studies were made to determine the identity 
and interrelationships of the viruses involved and are 
reported in an accompanying article. 

From the standpoint of orchid culture, the wide- 
spread occurrence of a virus that is stable and readily 
transmissible to several genera of orchids further em- 
necessity for attention in the 


phasizes_ the prompt 


diagnosis and removal of infected plants from the 
nursery. In this connection, a rapid. serological meth- 
od of detecting virus in orchids as described by Zaitlin 


et al (14) has proved useful in Hawaii (11 
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SEROLOGICAL AND MORPHOLOGICAL RELATIONSHIPS 
AMONG ORCHID VIRUSES? 


Harry H. Murakishi ? 


SUMMARY 


Studies confirmed the identity and prevalence of 
Cymbidium mosaic virus in genera of 
orchids including Cattleya, Dendro- 
bium, Spathoglottis, and Vanda. A virus 
previously reported only from California and found 
occurring as a mixture with Cymbidium mosaic 
virus in a bigeneric Cattleya hybrid displaying leaf 
mosaic and color break of the flowers was identified 
as Odontoglossum ringspot virus. A_ third virus 
heretofore undescribed was found associated with 
a strain of Cymbidium mosaic virus in Vanda Miss 


several 
Cymbidium, 


second 


Joaquim affected with leaf mosaic and breaking in 
the color of the flowers. The rods of the new virus 
are shorter and somewhat more slender than those 
reported for other orchid viruses. Typically, they 
are 80 my in length and 13 my in width. This virus 


was found to be serologically unrelated to either 


Cymbidium mosaic virus or Odontoglossum ring- 
spot virus. Four other isolates are comprised of 


serologically related viruses that are also similar in 
morphology to Cymbidium mosaic virus and are re- 
garded as strains of this virus. 





\ previous study (6) demonstrated the presence, in 
each of 6 isolates, of a virus similar in symptomatol- 
ogy. host range, and physical properties to the Cym- 


hidium mosaic virus described by Jensen and Gold (5) 
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White and Goodchild (9). Three of the iso- 


lates were believed to contain only Cymbidium mosaic 


and by 


virus, but the studies indicated that the other 3 isolates 
may be composed of a mixture of Cymbidium mosaic 
virus and another virus. In an attempt to ascertain the 
identity and relationships of the viruses involved, fur 
ther studies were made with precipitin tests and with 
the cross-absorption technique in conjunction with 
electron micros¢ oOpy. 
MATERIALS AND METHODS.—Preparation of antisera. 
Antigens used for preparing antisera were obtained 
from the same sources as those previously described 
(6). These were the following: Cattleya necrosis virus 
(CNV) from a Cattleya plant with leaf necrosis; Cat- 
tleya color-break virus (CBV) from a Cattleya-Brassa- 
vola hybrid with leaf mosaic and color break of the 
Cymbidium mosaic virus (CMV) from Cym- 


virus 


flowers; 
bidium with leaf mosaic; Dendrobium mosaic 
(HMV) from Dendrobium superbum Reichb. f. ex- 
hibiting both leaf mosaic and color break of the blos- 
Spathoglottis diamond-spot virus (SDV) from 
Spathoglottis with systemic ringspot; Vanda mosaic 


(VMV) from Vanda Miss Joaquim with leaf 


soms; 


Virus 
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healthy orchid 


flower color bre ik ana 


of the genera re presented 


mosaic and 


antigen from healthy orchid 


Frozen 5-g leaf samples were thawed and ground in a 
mortar with 2—3 ml of ne solution The mee eX 
tracted through cheeseclot vas centrifuged at low 
speed (5000 rpn fOr (0 minutes after which the 
sample was trozen overnight The following dav ifter 
the sample was thawed and again centrifuged at low 
speed, 5 ml of the clear supernatant was injected into 
the marginal ear vein of a rabbit.” Previously, a 10-ml 
sample of blood to be used for normal serum was re- 
moved by heart puncture Ten days after 5 successive 
weekly injections oT were given blood was 
TaBLe 1.-.Summar rption test vith various 
isolates of ¢ 
Sh SSH B35 Reaction of absorbed sera 
fe OL he a, 
= : po ia~, > to indica 1} antigen 
aa @355 = 5 CNV CBV CMV HMV SDV VMV 
cnyv CNV () () () 
CB\ ; ()} () {) () 
CM\ { () () () 
H™M\ f + (0) 0) 0 0) 
SD\ ; { ) {) () () 
VM\ , + ) ( 0 0 
ebv CN\ + t} { {) () 
CBV i () () () () 
CMY\ i 0) () () 0) 
HM\ } ( 0) 0) 0) 
SDV i 0) (0) 0 
VM\ ; 7) i} {} { 
emv CNV { 0) 
CB\ + } {) ( () () 
CM\ f 0 ( (0) () (0) () 
HM\ ) 0 () () 
SDV 1. -+ 0) () () () () 
VM\ i 0 0 0 () (0) (0) 
hmv CNV () () 0) 
CB\ 0) () ) 
CM\ 1-4 ) 0) ) () ‘) ( 
HM\ 0 0) () () () 
SD\ dl ( 0 ( () () 
VM\ {4 ) 0) ( () () 
sdvy CNV 1. + ( () ( () () () 
CBY : ) { {) {) ()} ()} 
CM\ 1. 1. ot. <4 () () 0) () 0 () 
HM\ , {} t} i} {) {) {) 
SD\ { t} 1} t) { 
VM\ \ Uv { 7) () (} 
vmv CNV i (0) () () 
CBV } i () (0) () 
CM\ 1. }. <4 0) 0 0 () 
HM\ () () () 
SD\ a {) () {) () j 
VM\ 0) () () () 
* Average of 3 trials 
"crv Cattleya neers CRN Cattleva color 
break virus; CM\ Cymbid nosaic virus: HM\ 
Honohono or Dendrobium virus; SDV Spatho 
glottis diamond-spot virus ind VM\ Vanda mosak 
virus. Lower case letters, cr bv. emv. hmy, sdv, and vmy, 
indicate the homologous for the viruses 
°0 no precipitation; + small but definite precipita 
tion; +-+ moderate precipitation heavy pre- 
cipitation; ++-+4 ve heavy precipitation 


slightly more than 
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removed by heart puncture into a large test tube and 
allowed to clot. The serum was then poured off inte 
serum bottles. labeled, and stored in the freezer to be 
used as needed. 
Serological technique.-Antigens to be tested were 
prepared in the same manner as for injection except 
that they 2 


were diluted in a ratio of 1 g of tissue to 2 


ml of saline. Antisera were diluted 1 to 20 with saline 
prior to use. All tests involving the precipitin reaction 
were made by adding 0.5 ml of antiserum to an equal 
volume of antigen in micro test tubes supported in a 
specially constructed polystyrene slab in which rows 
of holes had been bored. The tubes were thus placed 


in a water bath held at 38° C for 2 hours, after which 


they were removed and examined. A positive test was 
indicated by the formation, usually within 15 minutes, 
of a white floceulent precipitate. If no precipitate oe- 
curred, the test was judged negative. Cross-absorption 
tests were made by reacting larger volumes of antigen 
and antiserum and then testing the supernate with ad- 
ditional antigen until no further precipitate occurred. 
rhe final supernate, the cross-absorbed antiserum, was 
then ready for use. 


SEROLOGICAI Dilution end-points of antigens 


TESTS. 


and antisera.—The highest dilution at which a precipi- 


tate was visible for antigens when tested with 1:20 
homologous antisera was as follows: CNV (1-512), 
CBV (1-2.048). CMV (1-512). HMV (1-512). SDV 


(1-512). and VMV (1-128). With antisera (indicated 
in lower case). the homologous antigens were used at 
a 1-2 dilution. 912), 


Results were as follows: env (1 


cbv (1-4096). emv (1—-1024). hmv (1—2048). sdv (1 
512). and vmv (1-128) 


Cross-absorption experiments.—Tests — established 
that antigens CNV, CBV. CMV. HMV. SDV. and VM\ 
react strongly not only with their homologous antisera 
but also in all heterologous combinations. clearly in- 
dicating that all 


fraction. 


isolates contain a common antigenic 
tests 
ascertain whether any of the isolates possess more than 
Results summarized in Table 1 
show that CBV and VMV contain an antigenic fraction 


net present in any of the other isolates 


Cross-absorption were then made to 


| antigenic group. 
Furthermore, 
these 2 antigenic groups are not related to each other. 
This demonstrates that CBV and VMV are mixtures of 
related to the common 
When antisera 
env. emv, hmy. and sdv. which had been absorbed to 
each of the 
were further reacted with each of the antigens. no pre 
This that these 4 
isolates are antigenically related: according to Bawden 


2 viruses. one of which is 


antigen and the other of which is not. 
with heterologous 


completion antigens, 


cipitation was observed. indicates 


(1). these would be considered as strains of 1 virus. 


\ previous study (6) based on the reaction of 


Datura stramonium L. indicated the probable presence 
To estab- 


lish serological evidence as to the relationship between 


of Cymbidium mosaic virus in all isolates. 
the suspected Cymbidium mosaic virus in Hawaii and 
the Cymbidium mosaic virus in California. a culture of 


When 


Jensen. 


this virus was obtained from Dr. D. D. 
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a juice preparation of the culture was added to anti- 
sera of each of the Hawaiian isolates, a heavy precipi- 
tate resulted in each case. In the control, no reaction 
was visible in tubes containing antisera from healthy 
orchids. This demonstrates that the Hawaiian isolates 
and the California culture of Cymbidium mosaic virus 
have a common antigenic fraction. 

ELECTRON MiIcROSCOPY.—Preparation of isolates for 
electron microscopy and measurement of virus was 
similar to the method described by Gold and Jensen 
(2). As shown in Table 2 and in Figure 1,A, the range 
in average size of the long rods (452-480 my) cor- 
responds very closely to that reported for Cymbidium 
mosaic virus (2, 5). The morphology thus provides 
additional evidence that the virus found in all of the 
Hawaiian isolates is Cymbidium mosaic virus. In addi- 
tion to this virus, 2 of the isolates, CBV and VMY, 
were each found to contain a different virus (indicated 
as CBV /emv and VMV/cmy., respectively. in Table 2). 
This was clearly demonstrated by the use of the cross- 
absorption technique in conjunction with electron 
microscopy. Following this method, juice from CBV- 
infected Cattleya was reacted with an excess of cmy 
antiserum to agglutinate completely the Cymbidium 
mosaic virus component. Examination of the super- 
natant revealed rods averaging 291 my in length and 
straight to slightly curved in shape. The particles 
closely resembled the size and shape of Odontoglossum 
ringspot virus (4) and the rods described as occurring 
in a mixture with Cymbidium mosaic virus in mottled 
Cattleva leaves (3, 7). Two plants of Odontoglossum 
grande Lindl. were inoculated with a purified prepara- 
tion of CBV containing both viruses. Within 1 week, 
ringspot) symptoms similar to those described for 
Odontoglossum ringspot virus (4) were produced. 


Examination of the juice preparation from ringspotted 


Fic. 1. Electron micrographs of orchid viruses. A) Cym- 
bidium mosaic virus as represented in isolate CNV. B) 
Isolate CBV_ cross-absorbed with heterologous antiserum 
‘emv), showing agglutinated Cymbidium mosaic virus and 
individual particles of Odontoglossum ringspot virus. C) 
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Paste 2.VMeasurements of Hawaiian orchid viruses 
No. of Average Average 
particles length width 
Isolate* Host measured in mu in mu 
CN\ Cattleva 116 152 18 
CB\ Cymbidium 52 163 18 
CMA Cymbidium 134 175 18 
HMY\ Cattleya 181 180 18 
SD\ Cattleya 170 173 18 
VM\V' Cymbidium 197 79 18 
CBY /emy Cattleya 235 291 27 
\MV/emv* Vanda 381 117 13 
CNV Cattleya necrosis virus; CB\ Cattleya color- 
break virus; CM\ Cymbidium mosaic virus; HMYV 
Honohono or Dendrobium mosaic virus; SDV Spatho- 
glottis diamond-spot virus; and VMV\ Vanda mosaic 


virus. cmv antiserum for Cymbidium mosaic virus. 

CBV and VMV in Cymbidium contained only Cym- 
bidium mosaic virus, 

Isolates cross-absorbed with excess cmv (antiserum 
specific for CMV) to remove Cymbidium mosaic virus. 


leaves revealed only the short, straight or slightly 
curved rods but not the long sinuous rods representing 
Cymbidium mosaic virus. A culture of Odontoglossum 
ringspot virus (ORV) was obtained from Jensen and 
Gold and was used to prepare ory antiserum. In pre- 
cipitin tests, this antiserum reacted strongly with juice 
extracts from either CBV-inoculated Odontoglossum 
or CBV-infected Cattleya. Examination in the electron 
microscope disclosed that the precipitate of this reac- 
tion consisted of only the short reds whereas in the 
supernatant, the long flexuous rods remained unaf- 
fected by orv antiserum. Conversely, when CBV from 
Cattleya was reacted with cmv antiserum, the precipi- 
tate contained the long flexuous rods and the super- 
iatant, the short rods (Fig. 1.B). This establishes the 





Isolate VMV_ cross-absorbed with heterologous antiserum 
(emv), showing agglutinated Cymbidium mosaic virus and 
individual particles of a second virus component. The 
diameters of the polystyrene balls in A and B are 333 my. 
Magnification in C is the same as in B, 


iin ba 
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FREQUENCY OF PARTICLE LENGTHS 
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LENGTH OF PARTICLES IN MILLIMICRONS 
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Length distribut he second Virus component 


of Vanda mosaic I te VM\ 
serological relationship the short rods in CBY\ 
and ORV and _ identifies omponent CBV as 
Odontoglossum ringspot virus 

Similar methods were | wed in determining the 
morphology ot the d \ is present in isolate VMV\ 
Examination of VMV-c1 ross-absorption reactions 
revealed the presence: y Cymbidium mosaic virus 
in the precipitate In t supernatant. however, the 
rods were different fro either Cymbidium mosai 
virus or Odontoglossun ringspot virus being much 
shorter, straight to curved bent. and somewhat more 
slender (Fig. 1.C: 7 The particles ranged 
from 20 to 280 n n lengt with a mean length of 
117 mu. Eighty per cent of the rods fell in the 80-160 
my class, with the | hest Irequency occurring at 80 
My. They were uniformly about 13 my in width. Fur- 
ther reaction did not o r when the supernatant was 
mixed with additional r with any antisera other 
than vmy,. thus den that this virus compo 


unrelated to any of the 


nent of VMV is serol 


other orchid viruses \ttempts to find a host 
selective for this vir mponent alone were unsuc¢ 
cessful. although the ( dium mosaic virus could 


be separated irom the second virus by Prien ulating 


either Cymbidium or Spathoglottis with VMV\ This 
evidence probably explains why transmission of VMV\ 
from these hosts to \ ind ‘ ild not he iwccomplished 
in a previous study (6 \pparently the presence of 


both viruses is required in order to cause 


Vanda. 


Disc TL SSION 


syimpton s in 


> , ; 
Results « 1 previous study (6) in 
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dicated the likelihood that HMV also was a mixture of 
Cymbidium mosaic virus and a second virus, but the 
present studies showed that this isolate is serologically 
indistinguishable from Cymbi- 


and morphologically 


dium mosaic virus. If a mixture is assumed, 1 possible 
explanation for this apparently inconsistent behavior 
might be that the second virus is labile or present in 
such a that 
duced or, if produced, are formed in insufhicient quan. 


low concentration antibodies are not pro- 


tity to give a visible precipitin reaction. Such being 


the case, the presence of a mixture might not be de. 


tected in electron microscope preparations, 
Generally, the studies demonstrate the wide orchid 
and the prevalence of Cymbidium mosaic 


host range 


virus in contrast to the host specificity of Odontoglos. 


sum ringspot virus and the newly described virus com. 
ponent in mosaic Vanda. It is interesting to note that 
mixtures of viruses, either demonstrated or suspected, 
all associated with 3 separate flower color-break 


In comparison, the Cymbidium 


were 
diseases of orchids. 
mosaic virus in Hawaii apparently can cause a variety 
of leaf symptoms in different orchid hosts, but it can- 
not by break of the flowers. 
After this work was completed, tobacco mosaic virus 
Was reported in Cattleya orchids in Puerto Rico (8), 
test 


itself cause any color 


and on the 
found that 
the 6 


Based on a previous host range (6) 


present study. however. no evidence was 


n any of 


tobacco mosaic virus is involved 


Hawatien isolates. 
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LEAF STREAK OF ORCHARDGRASS, TIMOTHY, 


AND TALL OATGRASS 


INCITED BY SCOLECOTRICHUM GRAMINIS ! 


Samuel W. Braverman 2 


SUMMARY 


Scolecotrichum graminis Fckl. is the incitant of a 
foliar disease of numerous grasses throughout the 
United States, South America, and Europe. Char- 
acteristic symptoms of the disorder are the forma- 
tion of brown elongated streaks, with tufts of coni- 
diophores developing in parallel the 
necrotic tissue, 


rows in 


The causal organism overwinters on diseased tis- 
sue as old conidiophore clusters or as tiny, brown- 
black, subepidermal stroma that produce conidio- 
phores and conidia in the early spring. Measure- 
ments of conidiophores and conidia and spore mor- 
phology of isolates from tall oatgrass and timothy 
to those of isolates of the fungus from 
Optimum temperature for mycelial 


ire similar 
orchardgrass. 
vrowth of isolates of S. graminis from orchardgrass, 
95 Conidial 


timothy. and tall oatgrass was near 25°C. 


germination also was best at 25°C. Cultures of the 
fungus from orchardgrass, timothy. and tall oat- 
grass differed slightly in color and texture of my- 
celium. Linear growth of isolates from timothy and 
tall oatgrass was greater than that of isolates from 
orchardgrass. A method of inducing sporulation of 
the fungus in pure culture by ultraviolet radiation 
was developed; it consists of irradiating an isolate 
from orchardgrass, on a V-8 juice agar 
medium, for 16 minutes in covered petri dishes and 


8 minutes in uncovered dishes. Isolates from each 


grown 


of the 3 hosts require thiamine for growth. 
Several experiments involving cross inoculations 


to orechardgrass and timothy indicate that S. 
graminis from orchardgrass is pathogenic only to 


that host whereas S. graminis from timothy is patho- 


genic to both orchardgrass and timothy. 





Scolecotrichum graminis Fcekl. has been reported to 
both subfamilies and most 
In luded 


such as 


150 grasses of 


attack over 


of the tribes of the Gramineae. in the host 


forage species, timothy 
tall 
and orchardgrass (Dactylis glomerata L.). 
Morphological variants of the fungus occur (2), but 
little is their 
they differ in pathogenicity. 


Mor phologic al. 


of several isolates of S. graminis from each of 


range are many 
(Phle am 


elatius |..). 


pratense L..), oatgrass (Arrhenatherum 


known about origin or whether or not 


physiological. and pathological 
studies 
} important suscepts were made to determine whether 


{ method 


of inducing sporulation in culture and the results of 


significant differences existed among them. 


life evele studies are reported, 


Past DISEASE. The disease eccurs on leaves ot all 
ages throughout the growing season. On orchardgrass, 
the initial lesions appear as tiny (2 * 0.5 mm). ellipti 
eal, purplish-brown water-soaked spots with dark 
brown borders that are visible on both leaf surfaces. 
Mature le s1ons have heer described by sever il workers 
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as brown, elongated streaks (6,7). Lesions on tall oat- 


grass and timothy (15-20 mm) are similar to those on 
orchardgrass (10-15 mm) but generally are longer. 
Dense tufts of conidiophores develop in 


the 


parallel 


older lesions in a moist atmosphere. At close of 


the growing season, small, subepidermal, black. stro- 


matic bedies, in parallel arrangement, are found in 
mature leaf lesions. Young lesions of streak bear a 
close resemblance to those incited by Stagonospora 


maculata (Grove) Sprague: however, the symptoms of 
the 2 diseases can be readily distinguished soon after 
they appear. Lesions of the former elongate, but those 
of the latter do not. 

An additional the 


occurrence of conspicuous tufts of conidiophores or 


distinguishing characteristic is 
stromata in lesions of S. graminis. whereas lesions of 
Stagonospora made ulata have no conspit Hous develop- 
ment of pyenidia 

Tut 


Hungerford (3) 


Life Joh. 


Sy ole corre hum 


CAUSAL ORGANISM, cycle. and 
that 
in tufts of orchardgrass 


the 


son 
report graminis 
tim 
the 
present study. observations were made throughout the 


the field. 


prosenc hymatous 


overwinters readily ind 


othy, resuming activity in early spring. In 


vear on orchardgrass in Stromatic hodies 


composed of a tissue were found 
during late autumn, winter, and early spring on leaves 
of orchardgrass. During late March. in Pennsylvania. 
that 


conidiophores and conidia, which serve as a source of 


the stroma rupture the epidermis give rise to 


primary inoculum on new growth. Conidia are formed 
the the advent of 
cold weather, however. their production ceases, with 
The 


as mycelium 


throughout growing season; upon 


the subsequent formation of the stromatic bodies 


fungus overwinters in this condition and 


in diseased leaves. Sprague (8) found similar stro- 
matic bodies on Calamagrostis canadensis var. scabra 
(Presl.) Hitehe and suggests the possible ascigerous 
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ki l Dry weight if ng of \ im of Scole trichum 
graminis trom 3 grass specie grown tor 2O davs on 
potato-dextrose igal acl ’ represents the mean otf 3 


replicates, 


relationship of t 


black, stro 


rounded 


Vorpholog) The mewhat 
matic bodies of S. graminis ipproximately 0.1 mm 
in diameter With the conidiophores removed, the 
stroma possess a n ostiolar-like opening 
that leads into a ho cavity 

Conidiophores ind conidia solated from tall oat 
vrass and from timothiy re milar to those described 
for orchardgrass by Sprague ind by Sampson and 
Western (6 The « 1d1oy res of S. graminis trom 
timothy and tall oats ve-brown, fasciculate 
usually straight, and . ed: they measure 76 
105 7-10e (91-8 hottle-shaped, ] 
to 4-celled conidia rese se harvested from 
orchardgrass. Conidia were ounted in lactophenol 


and 50 chosen if rar lon tT > collections were meas 


ured The sizes were 3 I ws: on orchardgrass. 29 
1 6—llu (42-8 in timot 51-58 6—-10u (42 
8u): and on tall oatgrass 8-llu (39-9) 
The measurements of conid these 3 hosts do not 
show anv significant ff that might suggest a 
possible varietal distinctior n the particular host: 
however, Krause | has described S. graminis Fcekl 
f. avenae Eriks.. a form distinguished by its smalle1 


conidia, on oats 
Cultural characteristics \iy 


isolates ots 2raminis 


elial characteristics of 


} monoconidial from timothy 


5 from orchardgrass. and 2 from tall oatgrass varied 


ind an nt of er wwth when cultures 


in color, texture 
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were grown on Difco potato-dextrose agar for 1 month 
at 25°C. The timothy isolates were white, raised in the 
center, and felty, with the mycelium appressed, some- 
what bayed, and cottony; diameters of growth were 
9. 42. and The 


orchardgrass were white to olive-gray and 


14 mm, respectively. isolates from 
somewhat 
raised in the center. The advanced zone was appressed, 
even to slightly bayed: diameters of growth were 33, 
37, 31, 47, 
tall oatgrass 
center, and felty, with the advanced zone white, ap- 


and 30 mm, respectively. The isolates from 


were olive-gray. slightly raised in the 


pressed, and felty to somewhat downy: diameters of 
growth were 43 and 47 mm, respectively. 

The effect of temperature upon growth in culture. 
Cultural characteristics of isolates obtained from 
orchardgrass and grown on Difco potato-dextrose agar 
Below 15°C. the 


whereas at 


colonies 
Isc 


became raised in 


varied with temperature. 


produced a white, aerial mycelium, 
or above the colonies darkened and 
the center. The isolates from timothy and tall oatgrass 
were not considered in this experiment 

The effect of temperature on colony growth of iso- 
lates from tall oatgrass, timothy. and orchardgrass was 
(Fig. 1). For 
all isolates, the minimum temperature for growth was 
maximum 


determined over a range of 0° to 35°C 


below 5°, the optimum 25°-28°, and the 


above 35 

Diseased leaves of the 3 hosts, collected in the field. 
were examined for the presence of conidiophores and 
were placed at temperatures ranging from 5° to 30°C 
7 No sporulation occurred at 5°-10°, but 


for 72 hours. 


spores were observed at 15° and were most abundant 


at 20 


with progressively less sporulation as the tem- 
perature was increased to 28°. No sporulation occurred 
above this temperature. 

Spores were placed in drops of water on glass slides 


kept at 5° intervals from 0° to 35°C. The drops were 
elass-marking 
Fifty 


random. were ex- 


placed inside a cirele made with a 


pencil to prevent spreading of the drop. spores, 
10 from each ot 


each 


5 fields chosen at 
Optimum temperature 
for spore germination was near 25° (Table 1). In 72 


and after 12 


amined at temperature 


hours. the conidia had germinated at 5 


hours at 35 


TABLE l1.—Germination of conidia of Scolecotrichun 


graminis at various temperatures 


Percentage germination after indicated no. of 

lem hours 
perature 2 | 6 8 10 12 24 6 48 72 
( 

0) () 0 0 0 0 0 0 0) 0 () 
J 0 0 0 0 0 0 0 0 0 6 
10 (0) 0 14 10 70 78 82 88 

5 (0) 1? 52 76 86 

2%) 0 14 72 84 88 

25 ) 62 88 

28 0 18 38 80 86 

() 0 6 16 24 is 62 72 «82 

5 0) 0 0 0 0 6 16 22 36 40 


based 


upon 50 


Each percentage of germination § is 


conidia 
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BRAVERMAN: LEAF 


Generally, in l-septate spores, the apical cell pro- 
duced a germ tube terminally, whereas the basal cell 
produced one laterally. Spores with 2 or 3 septa germi- 
nated apically from the terminal cell and _ laterally 
from the other cells. 

Sporulation in culture.—S. graminis did not sporu- 
late on ordinary laboratory media or on grain mixtures 
(2 parts wheat to 1 part oats). Varying the tempera- 
ture and light also failed to induce sporulation. An 
isolate from orchardgrass, grown on a V-8 juice agar 
medium (1), was irradiated for 16 minutes in covered 
petri dishes and 8 minutes in uncovered dishes. A 
Cooper-Hewitt lamp (900 watis, 250 volts, 4 amperes) 
was used at a distance of 36 cm. Conidiophores were 
produced in scattered areas in the advancing mycelial 
zone after 10 days. Conidia that were morphologically 
similar to those produced in nature appeared at the 
apex of the conidiophores within 12 days. 

Response to B vitamins —Three isolates, 1 each 
from tall oatgrass, timothy, and orchardgrass, pro- 
duced little or no mycelium unless vitamins were added 
to a glucose-asparagine medium described by Lilly 
and Barnett (5). Growth in the presence of thiamine 
was significantly greater than in the absence of vita- 
mins. Biotin and inositol added singly and in combina- 
tion to the basal medium resulted in a slight increase 
of growth over a medium with no vitamins added. The 
amount of growth obtained when all 3 vitamins were 
present in the medium approximated that obtained 
when only thiamine and biotin were present. 

[NocULATIONS.—Inoculation studies were undertaken 
to determine whether or not forms of S. graminis exist. 
No infection occurred when fragmented mycelial cul 
tures were used as inoculum. Inoculum was prepared 
by chopping about 50 diseased orchardgrass or timothy 
leaves with sporulation lesions in 200 ml of tap water 
in a Waring Blendor for 30 seconds. The mixture was 
anplied with an electric paint sprayer to orchardgrass, 
timothy. and tall oatgrass plants. The plants were 
then kept in a moist chamber at 100 per cent relative 
humidity for 48 hours at 25°C. The only infection ob- 
tained was on orchardgrass inoculated with spores 
from that host. When diseased excised leaves of 
orchardgrass (upon which spores had formed) were 
rubbed on living leaves of tall oatgrass. timothy. and 
erchardgrass, only the orchardgrass became slightly 
infected. 


In another test. potted seedlings of orchardgrass and 
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timothy were placed around a diseased orchardgrass 
plant in an inoculation chamber. Excised diseased 
leaves also were scattered over the seedlings. \ similar 
proc edure was carried out with a diseased timothy 
plant and similar seedlings. In repeated tests, spores 
from orchardgrass did not infect timothy, although 
orchardgrass was severely attacked. Spores from tim- 
othy leaves attacked that host as well as causing a mild 
infection of orchardgrass seedlings. 

Discussion.—The several experiments have provided 
data that indicate that isolates of S. graminis trom 
timothy, tall oatgrass, or orchardgrass were variable in 
culture. For example, the color of the mycelium of the 
timothy isolates was white as compared to the pale 
white-olive-gray mycelium of all orchardgrass and tall 
oatgrass. At temperatures optimum for growth of all 
isolates, the total dry weight of the mycelium of the 
tall oatgrass isolates was less than % the total dry 
weight of the mycelium of isolates from timothy and 
orchardgrass. This may be an indication of a mor- 
phological variant of the fungus on tall oatgrass. 

Since the fungus would not attack timothy inocu- 
lated with spores from diseased orchardgrass under 
the same conditions that allowed severe infection of 
orchardgrass, there exists the possibility that a form 
distinction occurs between S. graminis on timothy and 
that on orchardgrass. 


U. S. Recionat Pasture Researcn LABoratory 
UNiversiry PARK, PENNSYLVANIA 
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HOST NUTRITION IN RELATION TO PHYTOPHTHORA 
ROOT ROT OF AVOCADO SEEDLINGS ! 


I. T. Bingham, G. A. Zentmvyer. and J. P. Martin - 





Avocado seed " nutrient solu high coneentrations of N or K had been used with 
tion cultures unde lit : of uniform nutrition the solution cultures. The retarding effect may have 
except for nitroget | nor ind potassium been due to a general salt concentration rather than 
which were ipplied raded amounts. Phyto to association specifically with N or K. Variations 
phthora cinnamor ntrodaced into the in the percentages of exchangeable cations in soil 
tihins colton resulting development ad no effect on the development of Phytophthora 
of root rot was observe \ il experiment was reot rot of avocado seedlings 

Adaptation of P. cinnamomi to such variations in 

performed wherein ) ry | were made ot dis 
environmental conditions precludes host nutrition 

ease development tf io seediit s In relation 


: is a practical means for control of the disease 


to various ratios I ¢ eable ( Mz, K, Na, Actually 


these data show that the organism can 








ind H. sur ive under many soil conditions. thus signifving 
Phytophthor raat ed ! treatments the threat that the disease poses to the avo ido in 
but the progre I va re rded where dustry 
Avocado root rot the fu Phyt ind K. with all the remaining plant nutrients present | 
phthora cinnamo La najor problem con in amounts adequate for normal plant growth. Prior | 
fronting the avoecad California. Undoubt to the “seeding” of the nutrient solutions with P 
edly the disease w Important tactor in cinnamoml they were ke, within the range of pli 7) 
avocado culture. re iphical location to pH 4.0. Subsequently, they were maintained at pH 
provided control method tt developed. At pres 15+ 0.1. The following concentrations were used as 
ent the disease 0 everal different avocado variables: \N lL. 70. 500. and L000 ppm nitrate \N: P 
producing are 19, 20 ind, un 0.5, 95, 695, and 1189 ppm phosphate P: and K—1, 39 
fortunately. the « capable of attack 0. 780. and 1560 ppm K. Examples are given in 
ing a variety of host plant Table | 
The research worl ! t at tl tation on the In further studies. a second solution culture tech 
Phytophthora root rot I ha heen directed to nique Was used wherein the avec ido seedlings were 
ward the quest for re { irretie f avocados (18 preconditioned by growing them for 7 weeks in selu 
19, 20, 23, 24) and for tments and management tions from which N, P, and K had been omitted. thus 
practices that would « he disease. With regard producing N-. P-. and K-starved plants to be used for 
to influence of « lisease development lisease development experiments. Two days prior to 
Zentmyer and we ’ | y) ha reported “seeding.” all solution cultures were renewed with a 
on factors such e col complete nutrient medium consisting of 2.5. 1.0. and 
centration, and a ty. RK eri if greenhouse 1.0 millimoles per liter, respectively. of Ca( NO 
experiments were erta olul es MeSO,. and KH.PO,. As in the previous experiments 
and soil culture fect of variations in the pH of the final solutions was maintained at pli L5 
host nutrition phthora root rot of + 0.1. Disease development was estimated by daily 
avocados Result ent ire reported examination of the roots of the seedlings and by the | 
herewith legree of wilt exhibited by the leaves 
\IATERIALS A \ . m culture experi The soil culture experiment was an evalution of the 
ments were cart a | eral vi lers nfluence of different percentages of exchangeable | 
holding 100 liters of te ent lution. Details itions in soil on the development of Phytophthora 
of the apparatt iby b han nd root rot of avocado seedlings. The soil was prepared 
Zentmyer (2 Q) ture expel weording to the procedure used by Martin and Bing 
ments was essentialh lisease development ham (12). Briefly. a large quantity of a recent granitic 
under nutrient led am a. F illuvial soil (Hanford series: cation exchange ca 
pacity: 9 meq/100g) was leached in 3-gal. crocks with 
b Aensmted for ou hoa Q 0.1 N HCl to make the soil predon nantly H-sat se ited 
Paper No. 978 . Citras Exper Excess chlorides were removed by leaching with dis- 
mene Station River ( tilled water: the soil was then dried and analyzed 
Assistant Chemist. De . ind Plant Nuts Bicarbonate salts of Na and K. and carbonate salts of 
tion; Plant Patho t. D ae = Pat! , Ca and Mg. were added to the soil in amounts ealeu 
aa tie nia Califernia Citrus Experiment Sta, lated to produce the desired Na, K, Ca. and Mg per- 
centages Table 2 Phe salts plus a standard an nt 


tion, Riverside 
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BINGHAM, ZENTMYER, AND MARTIN: 


TABLE 1. 
Phytophthora root rot of avocado seedlings 


Solution 


Material Amount 


(ppm) Ca(NOs). Ca(HsPO,): ( 
Nitrate 0 0.0 95 
1000 15.0 0.0 
Phosphate 0 6.3 0.0 
1189 6.3 26 
K 0 2.5 05 
1560 25 0.0 
Minus N 0.0 1.0 
Minus P 20 0.0 
Minus K 15 1.0 
Complete 2.5 0.0 


soil was 


of NH,HLPO, 


then saturated with water and incubated for 2 months 


were mixed into the soils; the 


in the greenhouse. After incubation. the soil was dried, 
again analyzed. The ratios thus prepared 


Fable 2. 


used for the experiment. A 


mixed, and 
are indicated in kight 2.7-kilo portions ot 


each treated soil were 
single avocado seedling was transplanted to each pot: 
after several months’ growth, half of each series of 
soils was infested with P. cinnamomi. The subsequent 
disease development was estimated by growth measure 
ments of the shoot and of the degree of wilt. 

Mexican avocado seedlings (Mexicola variety) were 
propagated for the solution culture and_ soil culture 
seed in steam-sterilized 


experiments by germinating 


sand. The seedlings were transplanted to the solution 
cultures or soil cultures when they were several inches 
tall. Three seedlings were placed in each of the glazed 
evlinders, and the replication was 3 cylinders per treat- 
ment. The soil experiment was replicated 4 times. 
Inoculum for the solution cultures was prepared by 
growing the fungus on packets of alfalfa 
After 2 weeks’ growth of the fun- 


sterilized 
stems in test tubes. 
Zlls, prac kets of 4 


These vauZze bags were suspended in the solution cul 


> stems were wrapped in gauze 
ture in the path of the circulating nutrient solution. 
\fter 4 o1 
of the seedlings 


5 days. lesions be ame visible on the roots 


For soil infestation. a uniform quan 
tity of a steam-sterilized mixture of wheat and oats 
infested with P. 


proxim itely 1 in. deep and to the side of each seedling. 


cinnamomi was placed in the soil ap 


several inches from the stem. Soil was packed over 
each inoculum-charged hole. As judged by wilt and 
growth retardation, the seedlings apparently became 
diseased within 4 or 5 weeks after inoculation. 
RESULTS. In the first solution culture study. all re 


quired nutrients were adequately supplied except for 
N, P, or K, 


from approximately 1] 


which were supplied in amounts ranging 
ppm to 1000-1500 


composition of the solutions was so maintained during 


ppm. The 


the entire experimental period, both before and after 
inoculation. Five separate experiments were performed 
No differential effect on disease devel- 
opment was noted in treatments where N. P, or K were 


in this manner. 
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Composition of nutrient solutions used in the 
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greenhouse in the evaluation of host nutrition in relation to 


Millimoles per liter of nutrient solution 


aSO, KNOs KH.PO, K.SO, Meg (NOs) Meso, 
0.5 0.0 1.0 0.0 0.0 2.5 
0.0 20.0 2.0 0.0 10.8 1.0 
0.0 6.0 0.0 0.0 0.0 2.0 
0.0 0.0 7.0 0.0 0.0 20 
0.0 0.0 0.0 0.0 0.0 1.0 
0.0 20.0 10.0 5.0 0.0 1.0 
1.0 0.0 0.0 1.0 0.0 1.0 
0.0 0.0 0.0 10 0.0 1.0 
0.0 0.0 0.0 0.0 0.0 1.0 
0.0 0.0 1.0 0.0 0.0 1.0 


present in concentrations low enough to be inadequate 


for normal plant growth (Table 3). For example, the 
lowest N level was maintained at a concentration of 
approximately 1 ppm nitrate N, low enough to cause 


N-starvation 


some symptoms to be apparent in the 


seedlings, yet dis¢ ase developed in these cultures at 
rates comparable to those in treatments containing 
Similarly, the low P or kK 


ments were without any 


adequate nitrogen. treat- 
relative effect on disease de 
velopment; however, the development of Phytophthora 
root rot was retarded under treatments with high N or 
kK No differential effects were observed with the P 
experiment even though the amount of this nutrient 
ranged from 0.5 to approximately 1200 ppm phosphate 
i 

solution culture experiments 


The second series of 


TABLE 2. 
different ratios of cations in sail on 


Compositior of soil prepared for evaluation of 
development of 
> ; 

Phytophthora root rot ot avocado seedlings 


Percentage exchangeable cation 


Series Na K (a Mey H pH 
Na ] 10 65 15 9 6.3 
5) 10 65 15 5 6.8 
10 10 65 15 0 7.0 
5 10 HO 5 () 0 
0) 10 55 5 0 1.2 
K l 2 65 15 17 5.8 
] 10 65 5 9 6.4 
] 0) 0 15 | 6. 
] 0) 4 15 0) 6.8 
Ca ] 10 9 15 6 16 
] 10 15 15 1.6 
10 0) 15 54 8 
l 10 0 15 +4 9.1 
] 10 0) 15 24 5.8 
l 10 74 15 0 6.5 
l 10 74 15 0) 7.4 
Me ] 10 60 6 23 9.8 
] 10 60 10 19 5.9 
] 10 59 30 0 6.5 
l 10 29 60 \) 6.2 
] 10 y 80 0 5.9 


An excess of Ca added as CaCO, (0.5 per cent of soil 
mass}. 


Ratio of soil to water was 1:2.5. 
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sé ings mplete nutrient solute that ontained increas- 
Z j é adequate amounts 
Pr ilay root rot after indicated ne I iv- 
| 6 8 LO 2 14 
6 >? 12 Q5 98 98 
14 4 78 ( 94 
0 | } 0 Y 84 
0) | l % 27 64 
14 BY Qy 100 100 
1 RY YOR LOO LOO 100 
1g 77 Q° Qy LOO 100 
8 60 8 96 98 LOC 
l If §2 87 93 98 
13 5) 7) ol 94 93 
ls 1O 63 83 9? 
) 0) 69 82 Y] 94 
0) 6 OO Q7 QY 100 
> 6 U7 Q9 LOO 100 
) ) 95 98 99 100 
; y $1 87 95 OY 
7 14 86 y YY 100 
10 ) 89 9] Q5 99 
| | 7 29 hy 60 
stimation of percentage of roots iffected 
tonia solani Kuhn readily attacked soybeans under 


ke ~ 


N. P. 


have shown with 


conditions of deficiencies of Ca. Me. or 
Walker and co-workers (8, 14, 16. 17 


iriety of vegetable plants that the activity of several 


ty 
diseases could be altered by regulating the composition 
of the nutrient solution. 

little-leaf disease of 
shortleaf are especially interesting in view of the 
fact that of is the 
primary pathogen responsible for the pine disease (3 


k Sy. 10. 13) able 


Nutrition experiments with 


pritie 


the causal agent avocado root rot 


Hepting and co-workers (9, were 





involved the precond ido 
low N, P, or K nutrition be ( oculation. This was 
done by growing seedlings f: veeks in nutrient solu 
tions that lacked N. P, or K lwo days prior to seed 
ing. all solutions were rene with a single complete 
solution. As a control, pl vere cultured continu 
ously in solutions identi ( ed during the 
period when thie lute ceeded with P 
cinnamomt As in the ] experime! no dil 
ferential effects o tive rat lisease ae elopment 
were observed Fabl | \ t culation 
the plants grown in \ tion were extremely 
vellow, showing 
The plants grown i ¥ kK lutions 
were smaller thar piete 1 
trient medium ind | | t bye 
cause of deficiencies t P KR. Ne fference oc 
curred subsequent plant 
hecame dise ised 

None of the so i t ‘ 
in retarding disease de | ) , 
the highest addition of Na htly the rate a 
which the plants i 
root rot 

DISCUSSION T} l of 
Phytophthora ro { : 
nutrition or altera | by 
changing the conte Na. K. ¢ Mo would not 
he feasibl Act e adaptation 
of the pathogen t 7 le soil 
chemical conditions. TI exceedingly 
dificult to control. Other tors hav served 
that diseases of cer | r irded o1 
accelerated by re tio For ex 
ample. Castano Kernk 1 that Rhizo 


to reduce the activity of the little-leaf disease with N 
fertilization They also noted that diseased trees con- 
Lt } dD. efopment oft Ph tophthora ro rotw avocado 


S¢ Zs that were grow? for 7 weeks r \ P. 
A or complete nutrient so fions prior to inocu la 
tion, after which they were grown tw mplete nu 
rié so fior 
Solution Percentage of root rot 
seeded with after indicated no, of 
eatment prior to P days 
secding cinnamomi ) 8 1] 14 17 
Mlinus N for weeks 0) 0 (0) 0 0 
; > 66 87 Q7 
Minus P for weeks 0 0) 0 0 0) 
4 ] 19 >} 90 Y7 
Minus K for weeks 0 0 0 0 { 
1] 1] 99 92 99 
( uplet nutrient 0) 0 0 0 Q 
solution h 20) 98 94 Qs 
\ gauze bag containing inoculum of P. cinnamomi 
grown on sterilized alfalfa stems was suspended in the 
nutrient solution. 
Root rot determined by visual examination of roots and 


estimation of percentage of roots affected. 
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March. 1958 BINGHAM, ZENTMYER, AND MARTIN: 


TABLI 5) Growth of avocado seedlings n sou in relation 

fo infestation of soul with Phytophthora ciunnamomti 

and to different percentages of exchangeable cations 
in the soil 

Growth of inoculated series,“ expressed 

as a percentage of growth of noninocu 

Percentage of lated series, when percentage of ex 


exchangeable changeable cations was as indicated 
angeab] 


ation in soil Na K Ca Me 


5 +] 
6 12 
9 29 
10 
15 16 
20 80 26 21 
30 26 17 
50 32 
60 27 
74 34 
80 18 
150 30 


Average growth of 4 plants relative to that of 4 non- 
inoculated plants, after 7 weeks. 


tained lower amounts of Ca than were found in healthy 
trees. 
Anderson (1), 


plants grown in nutrient solutions, 


investigating root rot of pineapple 
noted that high 
salinity and high K reduced the degree of infection by 
P. cinnamomi. These results coincide with those from 
the solution culture experiments described by the 
present authors. In the solution culture experiments, 
however, salinity may be operative in reducing activity 
of the fungus. Calculations of the osmotic pressures 
(Table 3) reveal that the highest values were obtained 
for those treatments that were associated with the low- 
est rates of disease development. 

The soil experiment with exchangeable cations dem- 
onstrated no benefit from K. 
creased from 2 to 30 per cent on the exchange com 


even though K was in- 


plex. Soils prepared in this manner would be relative- 
ly salt free. This would support the contention that 
high salinity, and not K per se, 


velopment on plants in the solution culture. The form 


retarded disease de- 


of nitrogen apparently is unimportant too, because in 
a previous study. Bingham and Zentmyer (2) observed 
avocado reot rot occurring at equal rates when either 


NO.,~ or NH, 


Hydrogen-ion concentration, at least under nutrient 


was used. 


solution conditions in the greenhouse (2). controls the 
rate of development of Phytophthora root rot of avoca- 
dos. Such extremes in pH are required, however, that 
successful field acidification for control is unlikely. 
Perhaps with other plants such as the pineapple plant 
(11) soil acidification has a place. The present au- 
thors have a number of field plots in diseased avocado 
groves where various soil amendments (sulfur. lime. 


etc.) are being tested. but as vet no definite conclu- 


sions can be drawn. 
Zentmver (18. 20). 


in preliminary experiments, has 
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noted some benefit through the use of alfalfa meal as 


a soil amendment. In view of the nutritional studies 


reported herein, it would appear that any benefit de- 
rived from alfalfa meal is not due to changes in the 
nutrition of the host. Perhaps the microfloral composi- 
tion was altered in such a manner that the pathogenici- 


tv of P. cinnamomi was reduced 


DEPARTMENT OF SOILS AND PLANT NUTRITION 
AND 
DEPARTMENT OF PLANT PATHOLOGY 
UNIVERSITY OF CALIFORNIA Citrus EXPERIMENT 
STATION 
Riversipe, CALIFORNIA 
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In May, 1956. a survey was made of winter injury principal snow-mold pathogen in western Canada. 
to forage crops in Alaska and Yukon. Twenty-eight This basidiomycete had not previously been found 
samples of diseased plants were taken at various elsewhere. Many additional CEGSHISMS Wess rCoN 
Rat ered from the samples, including several Fusarium 

low ations throughout é territories lsolations = ad 
: ae spp.. but the above-mentioned were the only ones 

from these samples wert ide at the Plant Pathol , , 
lal : Lethbrid identified as low-temperature pathogens. Much of 
o8) wworator! rm ~ Caray the winter-killing of herbaceous plants in Alaska 
\lberta. The low-temperature pathogens isolated and Yukon was caused by these fungi, but it was 
J j . i] | ,} . j ° 

were Sclerotinia bore s Bub. & Vieug., Plenodo noted that Medicago falcata 1. survived the winter 

mus meliloti Dear. & Santord [yphula idahoensts conditions better than did any other forage crop 

(Fr Ces ind an il lentihed basidiomycete, the examined. 

The severe winters in Alaska and Yukon prevent the ducted such a survey in 1956, and an additional sur- 
production of most of the common perennial grasses vey in Yukon was made by the senior author the same 
and legumes that are grown throughout western Cana year. 
da. It has been known for some time that snow mold is MATERIALS AND METHODs.—Eight days were spent 
responsible for a great part of the losses in forage crop examining winter damage to forage crops in Alaska 
production in western Canada and in the Baltic area, and Yukon in May, 1956. A distance of approximately 
but information had not been obtained on this disease 1200 miles was covered in this survey, and 28 samples 
in Alaska and Yukon. Dr, E. L. Nielson of the U.S of diseased plants were taken at various locations. 
Department of Agriculture, after visiting Alaska in Isolations of the low-temperature organisms were 
1955, suggested that survey ould be conducted to made from these samples at the Plant Pathology Lab- 
ascertain whether low-temperature pathogenic organ oratories at Edmonton and Lethbridge. 
isms were present, and, if so. what damage to forage Diseased portions from the roots, crown, and shoots 
crops was caused by the he present authors con were plated on potato-dextrose agar and incubated at 

2°C. Surface sterilization of some of the infected ma- 

Accepted for pub tion O 6, 19 terial was necessary in order to isolate the low-tem- 
Cont muti No fh it sotany vd ‘lant ' 

ntribution . ar Pla Pa perature pathogens, and the method described by 
thology Division. S t se P (‘anada Depart: ent of 

Agriculture Ottawa. Ontar | rnal Ser \ ‘ Schein and Kereto.”’ by use of ethyl alcohol and sO- 

of the Alaska Agric Ex t Station, Palmer dium hypochlorite. was adopted. It was particularly 

Alaska. effective in obtaining pure cultures ot Sclerotinia 

‘ > ! t - t T if ’ te | ; i or ot the j > P 
; The writ r il ] ; R | | \ horealis Bub. & \ leug. 

Experimental Station, Pa Mr. J. ¥. Tsukamoto of . TY ' 
RESULTS AND DISCUSSION. The low-temperature 

the Experime ntal Far Wi ¢ Yukon. tor cooper . 

ation and to Dr. M. W. Corma Plant Pathology Labora pathogens recovered from forage crops at the various 

torv, Lethbridge. Alberta. for ur n isolating and locations are listed in Table 1. Manv additional or- 

identifying the low-temperatur ithogens vanisms were isolated from these samples. including 

> Associate Plant Pat! Nant Pathology shor 
t Ed ne nA] : Pa : Sore several Fusarium spp.: however, those recorded are 
ory, fHdmonton, iberta < 

3 Plant Pathol tA A ' Be vn Gs the only ones that were identified as low-temperature 
tion, Palmer, Alaska pathogens 

* Nielson, E. L. 195 {) I relating te race 
crops research in Alaska S. Dept. Agr. Rept., Madison Schein. R. D.. and J. W. Kereto. 1956. Culturing Rhyn- 


Wisconsin. 13 p hosporium secalis. Plant Disease Reptr. 40: 814-815. ' 
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Fic. 1-4. Fic. 1. Damage on Secale cereale (winter rye) 


snow mold damage to a mixture of Bromus inermis and Poa pratensis, caused by 


) 


caused by Sclerotinia borealis. College, Alaska.—Fic. 2. Severe 
Sclerotinia borealis. 


( ‘ollege, Alaska. 


Fic. 3. Dead rows of Melilotus alba killed by a combination of low temperatures and Plenodomus meliloti. Experimental 
Farm, Whitehorse, Yukon.—Fic. 4. A field of Phleum pratense, showing little survival after being exposed to low temper- 


itures at Palmer, Alaska, where the winds have removed the 


Plenodomus meliloti Dearn. & Sanford, a root-rot 
pathogen of sweetclover and related crops.® was iso- 
lated from Festuca rubra L. and Poa pratensis L. in 
Alaska (Table 1). It appeared to be the predominant 
fungus in the tissues of the roots from these 2 samples. 
It is likely, however, that the fungus was saprophytic 
or weakly parasitic on tissues that had been damaged 
by low temperatures or by other pathogens. 

The low-temperature basidiomycete previously re- 
ported from Alberta’ was found for the first time be- 
vend the Canadian border. One of the isolates of the 
low-temperature basidiomycete was recovered from na- 
tive grass in the mountains of the Alaska Range and 
the other at College, Alaska, from cultivated grass. 
Although no fruiting structures have ever been discov- 
ered on this species, it is unlikely that such wide dis- 
tribution could be accomplished without a spore form. 
Isolates of the low-temperature basidiomycete from 


* Sanford. G. B. 1933. A root rot of sweet clover and re 
ated crops caused by Plenodomus meliloti Dearness and 
Santord. Can. J. Research 8: 337-348. 

* Broadfoot, W. C.. and M. W. Cormack. 1941. A_ low- 
temperature basidiomyvcete causing early spring killing of 
rasses and legumes in Alberta. Phytopathology 30: 1058 
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Alaska have the 


same cultural 


obtained in western Canada. 
It was apparent that a large amount of the winter- 


protective snow cover during the winter. 


appearance as those 


killing of herbaceous plants in northern Alaska and 


TABLE 1.—Low-temperature pathogens isolated from forage 


crops in 


Low-temperature 
pathogen 


Low-temperature 
hasidiomycete 


Sclerotinia 


borealis 


. , 
Plenodomus 
meliloti 


1 yphu la 


idahoe nisis 





Alaska and Yukon 


Location 


Colle ge, Alaska 


Summit La 


ke, Alaska 


College, Alaska 
( ollege. Alaska 
Colle ge, Alaska 


Fairbanks, 


\laska 


( ollege. Alaska 
Palmer, Alaska 


Whitehorse 


Mile 970, 


: Yukon 
Yukon 


(Alaska Highway) 


Whitehorse, 


Yukon 


Host 


Poa pratensis 
Calamagrostis 
canadensts 


(Michx.) Beauv 


Bromus inermis 


Phleum pratense 
Secale cereale 


Festuca rubra 
Trifolium hybridum 
Poa pratensis 
Velilotus alba 


Trifolium pratense 


Poa praten Sis 
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Yukon was caused by | emperature pathogens. S. 
borealis was prevalent ¢ Tanana Valley and 
caused severe damage > e cereale | (winter 


rve),. Bromus inermis | ind Poa pratensis R 
(Fig. a P. melilot ed extensive 


Yukon to Velilot is alha De | ig , 


damage in 


Tritoliur pra 


tense L.. T. hybridum | ind Medicago sativa L. P. 
meliloti was also found parasitizing the wild legume 
Hedysarum mackenzii Richard No evidence of the 
disease was found on Med falcata | 


Typhula idahoens Remsberg was recovered from 
large. typi al snow-mold patches on P. pratensis at 
Whitehorse. No ey 
the extreme northern districts where S. borealis 


This 


lainen® reported S. horealis ast 


idence f th was found in 


was 


was not too surprising Jama- 


apparent. | since 
ie pring ipal snow-mold 
irts of Finland and Sweden. 


Fusarium nivale (Fr.) Ces 


the scand 


pathogen in the northern p 
Typhula spp and 
farther 


occul 
south in countries 


9 borealis. 7 rdahoensis ind the 


navidlh 


and bud tissues, and the plants are killed out in large 
The attack 


y the 3 pathogens were so similar that it was neces. 
by tl pat} lar that it 


patches of irregular shape. symptoms of 


the causal fungus before making the 
differentiation. P. infected the 


roots of the plants rather than the crowns and _ buds, 


sary to isolate 


meliloti, in contrast, 

and the infection was general throughout the fields. 
Some snow-mold damage was observed in the Mata- 

nuska Valley. but the 


this area caused by 


great loss to forage crops in 
and eX- 
(Fig. 4). 
that 
sweep through the valley at extremely high velocities, 


VW. falcata is the 


was desiccating winds 


posure of the plants to low temperatures 


The protective snow layer is removed by winds 


only cultivated legume that con- 


sistently survives these severe winter conditions. 

The 
desiccation, and low-temperature pathogens is of basic 
into the 


resistance of M., falcata to low temperatures, 


interest and need for investigation 


suggests 


nature of this resistance. 


inidentified low PLANT PATHOLOGY LABORATORY 
temperature basidiomycete cause rotting of the crown SCIENCE SERVICE, CANADA DEPARTMENT OF AGRICULTURE 
EDMONTON, ALBERTA 
AND 
S Jamalainen, | \ 949. Overwintering of gramineas PLANT PATHOLOGY DEPARTMENT 
plants and parasitic fur \I isticteellinen Aikakaus AGRICULTURAL EXPERIMENT STATION 
kirja 2]: 125-142 PaLMerR, ALASKA 
\ METHOD FOR STUDYING ABSORPTION OF STREPTOMYCIN 
BY LSING LEAF DISKS OF SEDUM PURPURELM! 
ohn : Lockwood 
SUMMARY 
Detached leaves of Sedum = purpureur Pausch the streptomycin deposited was absorbed from 
were sprayed on the derside with streptomycin aqueous sprays, whereas about 49 per cent was ab 
preparations, then place water agar in petri sorbed from sprays containing Tween 20, a surface 
dishes. After 24 hour ks were cut from the active agent. Similar proportions of streptomycin 
leaves. the lower! r pider ! was stripped off ind were absorbed trom small or large deposits. More 
the disks were frozen. Estimations of streptomycin — streptomycin was absorbed by leaves incubated in a 


content were made by assaying the disks by an agar 


of O.1 ue \- 


diffusion method with a sensitivity 


allowed to dry 
Leaves incubated in darkness absorbed as 
much streptomycin as did leaves incubated in light 


moist atmosphere than by leaves 


rapidly. 


Leaf age and portion of the leaf sampled were im 
portant variability in leaf-disk 
Disks from washed leaves with epidermis intact and 


sources of assayv- 


disks from leaves stripped of epidermis gave similat 


assay values. 





saves 
of juice from leaves spraved with streptomycin gave 
values about Iwice those ot assavs af le if disks. 
necessitating transformation of leaf disk values. A 
2-fold difference in ant oncentration from a 
true mean was discovered se of 6 replications 
of 1 leaf disk eacl \ <imately 14 per cent of 
Accepted for pu n Obet 14 19 
Journal article N 1.57. Ol] Agricultural Exper 
Station, Wooster, O hank ire expressed CR 
Weaver for assistanc: vitl tistica snalyses *" th 
Upjohn Co. for the strept y tat ind to the Atla 
Powder Co, for the 1 
“Present address 1) f Botar and Pla 
Pathology, Michigar State reit Fast l_ansit 


Michigan. 


Interest in systemic fungicides and bactericides in 


plant pathology has necessitated the development of 


leaves commonly used method in- 


methods for studying absorption of these materials by 
plant most 


Phe 
volves washing the treated parts and assaying the ex- 


pressed juice (3, 5). 


that 


This method requires 2 assump- 
the leaf 


surtace is 


tions: | all the material on 
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the 
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washed off and 2) that none of the material that has 


penetrated into the leaf is leached out by the washing 
process. Furthermore, variation within the relatively 
large samples required cannot be determined. The 
method described herein was devised as an alternative 
method and avoids these limitations. Leaf disks from 
Sedum purpureum Tausch., a plant with an easily re- 
moved lower epidermis, are used. 

MATERIALS AND METHODS.—-Assay methods.—Assays 
of streptomycin were made by an agar-diffusion meth- 
od. The assay medium was composed of the following 
ingredients: Difco dehydrated nutrient broth, 8 g/l; 
boric acid, 2 g/l: trisodium phosphate, 4 g/l; agar, 20 
fu |. The ingredients, with the exception of trisodium 
phosphate, were mixed and autoclaved. Two ml of a 
50 per cent (W/V) solution of trisodium phosphate 
was added to the melted agar at about 50° C to give a 
pH of 8.2. Use of this pH level resulted in inhibition 
zones of maximum diameter; higher pH levels in- 
hibited growth of the test bacterium. 

The test bacterium, Agrobacterium tumefaciens (E. 
F. Sm. & Town.) Conn was maintained on yeast-extract 
agar (per 1: yeast extract, 2 g; glucose, 10 g; agar, 
20 g) at 28. 
were mixed with sterile distilled water, and the mixture 


Bacterial cells from a 24-hour culture 


was diluted such that it gave a colorimeter reading ot 
85 per cent light transmission at 525 mu. One part of 
the suspension was diluted in 50 parts of melted and 
adjusted agar at 42°. Three hundred ml of seeded 
agar. containing 3.4 * 107 cells, was poured into each 
of the required number of large pans similar to those 
described by Lockwood et al (8). 

Crystalline streptomycin sulfate was used in all ex- 
periments. Assay standards were prepared by diluting 
a stock solution prepared in 0.1 M phosphate buffer at 
pH 6.5 in a 2-fold series with butfer. One-tenth ml of 
these solutions was pipetted onto filter paper disks 
(Schleicher & Schuell No. 740-E) and dried. Slopes 
and positions of dosage-response curves made with dry 
disks did not differ from those made with wet disks 
Streptomycin solutions used for spraying plants were 


prepared in water or in 0.1 per cent Tween 20 (poly 


oxyethylene sorbitan monolaurate) solution. Concen- 
trations of 200 and 1000 ug of streptomycin per ml 
usually were employed. 

{ssavs of streptomycin in leat tissue.—Greenhouse 
grown clonally propagated S. purpureum, a succulent 
herb with an easily removable lower epidermis. was 
ised as the test plant. Leaves were detached. and the 
basal ends were sealed with petrolatum. The lower 
sides of leaves were sprayed with streptomycin solu- 
tions by means of an atomizer attached to an air line. 
The leaves were placed sprayed side up on water aga 
After 24 hours, disks were re- 
moved from the leaves with a cork borer (4 in. diame- 


in closed pe tri dishes. 


ter), which was rinsed and dried after each boring. 
[The lower (sprayed) epidermis was removed from 
each disk, and the disks were frozen until assayed. 
Disks were assayed by placing them on the surface of 
the assay agar, spraved side down, while still frozen. 
In most experiments. 12 leaves were used for each 
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treatment, and | disk from the same position of each 
leaf was assayed. 

\nalysis of variance was applied to the leaf disk 
data; zone diameters were used as the basis of calcula- 
tions. The dosage-response curves as plotted on semi- 
logarithmic paper were straight lines, and both posi- 
tion and slope varied but little from experiment to 
experiment. A difference of 4 mm in zone diameter 
generally represented a 2-fold difference in strepto- 
mycin concentration. The amount of streptomycin de- 
posited on and absorbed by the leaves was expressed 
as ug per cm of leaf tissue. 

When leaf juice was to be assayed, the disks with 
lower epidermis removed were frozen, then ground in 
a mortar containing a small amount of water. The 
total fresh weight of the disks for each treatment was 
determined beforehand. The mixture was centrifuged, 
and 0.1 ml of centrifugate was applied to filter paper 
disks and assayed. Dry weights of similar disks showed 
that leaves contained 95 per cent moisture. Data, as 
ug of streptomycin per ml of leaf juice, were trans- 
formed to ug per cm® of leaf tissue for comparison with 
values obtained by assays of disks. The formula used 

J 
Was X , W. where J 
0.95 
ml of leaf juice and W 
leaf. 
Deposition——The amount of streptomycin deposited 


pe of streptomycin per 


weight in grams of 1 cm? of 


on leaves of S. purpureum was determined by assaying 
filter paper disks placed among the leaves to be 
sprayed. Paper disks and leaf disks of the same 
diameter sprayed with various concentrations of strep- 
tomycin gave inhibition zones of the same diameters. 
Careful spraying resulted in a uniform deposit. 
Resuits.—Replication.—The numbers of leaf disk 
samples necessary to discover given magnitudes of 
difference from a true mean were calculated. A mean 
zone diameter was determined from several experi- 
ments. Estimates of variance of this mean were cal 
culated with data from 7 separate experiments in which 
12 disk re 
Variance 
ince. Alpha (risk of rejecting a true hypothesis) and 


cations were used. The mean estimate of 


pli 
7.8. was used as an estimate of the true vari- 
heta (risk of accepting a false hypothesis) were set at 
0.05. When these values are used, the detection of 
differences of 1, 2. 3, 4, and 5 mm from a true mean 
would require, respectively, 100, 25, 11. 6. and 4 leaf 
disks. It was desired that the leaf-disk assay detect 


i 2-fold (4 mm) or smaller difference in antibiotic 


oncentration. Since a difference of 3 mm could he de- 
tected by 11 disks, and this number was not excessive, 
1 minimum of 1] was used. Further increase in pre- 
cision would require a disproportionate increase in the 
number of disks 

Effect of pH on leaf-juice assay. Assays of anti- 
hiotics in leaf juice or in leaf disks may be influenced 
by hydrogen ion concentration or by other factors in 
the juice. Comparisons were made between the dos- 
age-response curves of a dilution series of streptomycin 
in the following solvents: 1) 0.05 M phosphate buffer 
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inbuffered leat 
| part distilled wa 


at pH 6.5, 2) distilled juice 
(mixture of 1 part leaf e and 
ter) at pH 1.4 } leaf ce prepared with 0.05 M 
phosphate buffer at 
buffer at pH 7.0, an 
at pH 9.0 

When assays of a te 


if yulce prepared with 


prepared with buffer 


immediate 


ly after preparation, the d e-response curve did not 
differ, either in’ positio y slope. from that ob 
tained when assay were ide after the test solution 
had stood at room temp: ture for 3 hours. Leaf juice 
or buffer without epto gave no zones of in 
hibition. Results indicated iy I reptomycin 


in leaf juice were unaftect hydrogen tons or by 


other constituent t | lice in reliable 


strepton ! te COU de I 


buffered standard al 


lhsor ption 


issavs ol 
when 
pureum The amount t nt vou ibsorbed trol 


sprays by 


detached ‘ ‘5 irl yas deter 


mined by correspondil RS ana 0 


juice in Il sepa 


was 2.4 we per ¢ 

ol tLreptom 

leat nce was U 

deposited Phe i { d 


lhheore ! 

thar I 

lea f \ } 
I I 

ilue | 

ind sk ulie 








O rn 
O 2 4 € 8 12 
JUICE A A \ SQ.CM EAF 
Bi > Fr R 
issayvs lea I \ 
eave { Se i) { 
witl Tween 1) 





Vol. 48 


HOLOGY 


converted graphically or by the formula in subsequent 
experiments. 

It was observed that larger amounts of streptomycin 
were absorbed by the leaves if the streptomycin solu- 
tions were prepared with 0.1 per cent Tween 20 than 


when prepared with water alone. Regression lines 
showing the relation between deposit and absorption 


(with data from 11 experiments in which 0.1 per cent 
[ween 20 was used as the solvent and 9 experiments in 


which water alone was used as the solvent) are plotted 


in Figure 2. Correlation coefficient for deposit and 


amount of streptomycin absorbed from the Tween 20 
that the tests 


solutions was 85 per cent; for with 


water alone as the solvent was 87 per cent. These values 


indicate a close relationship between the 2 variates, 


\ mean of 49 per cent of the streptomycin applied with 
| | PI 


Tween 20 was absorbed by Sedum leaves: a mean of 


cent was absorbed when water alone was used 


l4 pet 
is the solvent. 
Phere was no correlation between deposit and per- 


coeth- 


Tween 20 was used was 


centage of streptomycin absorbed. Correlation 


cient for experiments in which 


By per cent: that for experiments without Tween 20 


wus 4.4 per cent 


The effect of a moist on absorption of 


itmosp ere 


-treptomvycin hv leaves of S. purpureum was tested in 








experiments. Leaves were spi iyved, then placed on 

iter agar in open or closed petri dishes. Leaves in 

losed dishes retained a film of moisture for several 

urs whereas those in open dishes dried quis k hy 

\ vs of leaf disks made after 24 hours showed that 

pPprox ite] twice is mus streptomycin Was ab- 

prane ‘ le ives In closed dish - as In open dishes 

| rte sugvestin that he retention of moisture on 

rhace ivored a rption ol streptomycin 

Closed dishes were used in subsequent 

i e of light and d ) iT] of 
z 

sliced 

n 0 10 20 30 40 50 60 ; 

TREPTOMYCIN DEPOSITED,ug / 10 SQ.CM OF LEAF 

— ives of Se is determined by 

' tints Of streptomycin deposited n and absorbed by 

t Tween 20 with water alone; @ solutions prepared 
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Taste 1.—Comparative absorption of streptomycin by de 
tached leaves of Sedum purpureum incubated 24 
hours on water agar in open and in closed petri 


dishe S 
Streptomycin : 
deposited per Streptomycin absorbed per 
10 cm? of 10 em* of leaf surface’ 
Test leaf surface Closed dishes Open dishes 
8 ar 
29.0 6.3° 
2 5.7 1.o** 
3.0 ial 





Streptomycin solutions were prepared in 0.1 per cent 
Tween 20, Estimations of streptomycin were made by assays 
of leaf disks by means of an agar-diffusion method. Eacl 


value is based on assavs of 1 disk from each of at least 12 


leaves. 

» Double asterisks indicate statistically significant differ 
ence at 1 per cent level between values for open and closed 
dishes 
streptomycin by detached leaves of S. purpureum was 


tested in 1 experiment. Leaves were sprayed with 
streptomycin solutions, then placed in petri dishes, 
half of which were placed in darkness and half unde 
a fluorescent lamp for 24 hours. Plants had been ex 
posed to 4 hours of davlight before leaves were de 
tached There was no significant difference in the 


} 


I ! treptomvein absorbed by leaves exposed 


amounts of stre 


‘| 
to light or to darkness 

Vartable plant factors. Three variable plant factors, 
test plant. leaf age, and portion of the leat sampled, 


were studied to determine their contribution to varia 





} _ 
tion in leaf-disk assays. Leaves of a similar age from 
} } 
} different plants were sprayed to determine i the 
plants differed in ability to absorb streptomycin. As 
] 
savs of disks from the same portion of each teal 
showed no significant differences in amounts of strey 
vein absorbed by leaves from the 4 plants 
The abs ‘ of voung and old Ie s of 5. Dp 
| ( ( rpti j g 
r aves of &. ] Ife 
vater aga Petr 
Stret ' 
| 
‘Slr i - t le 
eposited pe } it ) per 
10 cm?2 of 10 = | surface 
| eat surtac vi ¢ f Old leaves 
f 
i ) 
(0) | 
L() ) fh 
a y hf 
st pt I =i tions were prepare | per cent 
[weet 0) | mations of strept \ ere ide Dy 
ssays 1 leat sks v ie s ot ar iga 1 ' etl 
Each is ~¢ assavs Po i eacn ¢ 
ist 4 Wes 
Single asterisk ! ifes statistical gnificant differ 
ence at per ce evel between values for young and old 
eaves ay asterisks indicate statis iliv significant 
liffers ea t ent f etwee alue ing and 
Id 
1 leaves 
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Taste 3..-Comparative absorption of streptomycin by basal 
and terminal portions of detached leaves of Sedum 
purpureum as determined by assays of leaf disks 
incubated 24 hours on water agar* 


Streptomycin Streptomy¢ in absorbed per 
deposited per 10 em? of leaf surface’ 


10 em* of Terminal 


Test leaf surface portion Basal portion 
ue ug ME 
10.0 1.7 2.0* 
1.0 +4 5.3° 
2 18 2.0 AO te 
29.0 12.8 16.0* * 
} >.8 2.5 iw 
23.0 8.0 5.6** 
} 16.0 5.0 , 4" 
5 6.0 5.2 +6 
24.0 12.8 13.0 
6 4.0 2.4 yb 
24.0 16.0 16.0 


Streptomycin solutions were prepared in OJ] per cent 
ween 20 except for Test 1, in which water only was used. 
Each value is based on assays of 1 disk from each of at 
least 12 leaves 

Single asterisk indicates statistically significant differ 
ence at 5 per cent level between values for basal and termi 
nal disks. Double asterisks indicate statistically signifi 
cant difference at | per cent level between values for 


isal and terminal disks. 


pureum was tested. Disk samples from the same rela- 


ve position of each leaf were assayed. In 2 of 3 ex- 


periments, more streptomycin was absorbed by older 


leaves than by voung leaves, whereas in the third 


he reverse was true Table 2 ) The absorbency ot 


rminal and of basal portions of leaves of a similar 


ge was tested. In 2 of 6 tests, more streptomycin was 


found in terminal disks. whereas in 2 other tests more 


was found in basal disks (Table 3 There was no 


itistically significant difference in amounts of strep 


omycin in terminal or basal disks in 2 other experi 


ents. Because of the inconsistency of the results, no 


conclusions could be drawn with respect to the ab- 


sorbency of leaves of different ages or of different por- 


ogest, howevel! that 


tions of the leaves The results su 


| } 


treatments should tye ipplied to leaves olf the same age 
Or apportioned systematically imong leaves of differ- 


it ages and that similar portions of leaves should be 


sampled. 


Comparison of assays of stripped leat disks with 
ashed leat disks lhe absorption of streptomycin by 
leaves of S. purpureum was determined by assaying 


lisks with the epidermis removed and disks from 
washed leaves with the « pidermus intact Uniform 
leaves ol the same age were sprayed and incubated for 
24 hours. Half the leaves were prepared for assay by 
stripping the epidermis. The other half were washed 
for 20 minutes under tap water. but the epidermis was 
not stripped. Disks were cut from similar leaf por- 
tions for both treatments, then frozen and assayed. The 
differences between the amounts of streptomycin de- 
tected by the 2 methods were not statistically signifi- 


cant (Table 4 Thus, the washing method appeared 


" 
, 
’ 
’ 
*' 
: 
, 
, 
4) 
' 
: 
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TaBLE 4.—Con 1 erm tions under which the plant is grown than by leaf age 
strippu frept or leaf portion per se. Perhaps variation within and 
stro a a between experiments could be reduced with better 
or gery ' control of soil moisture and temperature 
The data indicate that similar results can be ob. 
pe tained by assaying disks from washed leaves with the 
s : “epidermis intact and disks from which the epidermis 
4 has been removed. Nevertheless when washed leaves 
Test c ; are used, one must be certain that the material on the 
leaf surface is removed and that the absorbed anti- 
biotic is not leached by the washing process By 
assaying disks from leaves with the epidermis removed 
) ) one can eliminate these possible sources of error. It 
is no more difficult to remove the epidermis from leaves 
of S. purpureum than to wash them. 
I mee ag te ait craps 6 a a of The finding that leaves kept in a moist atmosphere 
door Lie aid ae Sige absorbed more streptomycin than those allowed to dry 
1 disk from eacl is similar to the results of Gray (5). who found that 
Differences bet ped hygroscopic agents such as glycerol increased the ab- 
leaves were not stat sorption of streptomycin by bean leaves. Similar in- 
creases in absorption of 2,4-D with hygroscopic agents 
a aan ee Te ee have been noted (2, 11). These agents probably en- 
Siete rhe SSE TE a gaa hanced absorption by retaining moisture on the leaf 
ae = ; ET RIS ; iB, surface, thus permitting absorption for a longer time 
— sy Mga = pape say 2 cae The surtace-active agent Tween 20 : 
tomvcin by plant ( | | 1 tie Is ib ; ' : :, 1s - “s 
RS a ae PIAA ST ly creased absorption ot streptomycin by leaves of S, 
sas 4 5 Q 0 ts 7 rT a Ea purpureum, a confirmation of Grays finding (5) 
Be a . ji ee eee rf ice-active agents also enhanced absorption of 2.4- 
on the ibsorpt ) int , r of the D by pl int leaves (6) Electron micros ope studies on 
chanism f al — eal cise the submicroscopic structure ol plant surtaces empha- 
mech 1 ! ‘ ! | are: ; “ size the importance of the spreading of the film of 
- - | : ‘ ane moisture so that it is in close contact with the cuticle: 
sport ee vy ) ' Sine : sa polystyrene macromolecules applied as spravs_ with 
i ae at ieee What amaiie ail surtace active agents were in close contact with the 
ial setitiinn ; al i ea cuticte whereas without Surftace-active agents the 
bilits ee tse fini n icromolecules were high up on the wax groups, 
aia OF tin si wie vhich are superimposed on the cuticle (10 
able factor i! f ‘ leaf-d ethod DEPARTMENT OF BOTANY AND PLANT PATHOLOGY 
Ouro AGRICULTURAL EXPERIMENT STATION 
can give reasor thout €ssive Wi reER, OHIO 
repli iffton oF I ea i\ ethoad 
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PRODUCTION TO MECHANISM OF WILTING 


AND PATHOGENICITY OF PSEUDOMONAS SOLANACEARUM! 


Akhtar Husain and 


Arthur Kelman“ 


SUMMARY 


Culture filtrates of a highly pathogenic strain of 
Pseudomonas solanacearum caused wilting of to- 
mato cuttings, whereas culture filtrates of weakly 
pathogenic and avirulent strains did not. A_ heat- 
stable, viscous substance capable of causing reversi- 
ible wilting of tomato cuttings was obtained by 
ileoholic precipitation from the culture filtrate of 
the virulent strain. This substance was not present 
in the culture filtrates of weakly pathogenic or 
avirulent strains. Preliminary chemical tests indi- 
cated that the substance was a complex  poly- 
saccharide of a high molecular weight with glu- 
cose as a main component. By means of an eosin- 
serum stain technique, it was possible to demon- 
strate the presence of bacterial slime around cells 
of the pathogenic strain obtained from cultures on 
solid media and in bacterial exudate from the vascu- 
lar tissues of diseased plants. In the stained prepa- 
rations, the distinctive reticulate pattern that charac- 


terized the slime around cells of the pathogeni 


strain in culture and in the host also characterized 
the heat-stable wilt-inducing material obtained from 
liquid cultures of this strain. No slime was ob- 
served around cells of the weakly pathogenic or non- 
pathogenic types. Tomato cuttings wilted in tracheal 
sap that was obtained from diseased tobacco and 
tomato plants and freed of bacteria by filtration; 
cuttings placed in tracheal sap from healthy plants 
did not wilt. Following inoculation with the virulent 
strain, Rutgers tomato plants wilted within 1 week. 
Although the weakly pathogenic strain did not cause 
wilt and multiplied only to a limited extent, infected 
plants did show symptoms of stunting. It was con- 
cluded that the extracellular polysaccharide or slime 
produced by the virulent strain is the primary wilt- 
inducing factor. This slime apparently increases 
the viscosity of the vascular stream and interferes 
with the movement of water in the vessels, The 
weakly pathogenic and avirulent strains produce no 
slime. and their limited multiplication in host tissues 
may be related to the inability to form slime. 





The causal agent of southern bacterial wilt or Gran- 
ville wilt. Pseudomonas solanacearum E. F. sm... is one 
of the most destructive bacterial plant pathogens in the 
warm regions of the world (14). The main character- 
istic effect of P. 


infected plants. 


solanacearum is the sudden wilting of 
The mechanism by which this vascular 
parasite causes wilting in plants has been a contro- 
versial subject for a number of years. Two main 
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theories have been offered to explain the wilting mech- 
anism in this disease (14). According to 1 theory, 
wilting of plants is caused by occlusion of water-con- 
ducting tissue by masses of bacteria (7). According 
to the second theory, initially presented by Hutchinson 
(13), wilting results from the production by the patho- 
gen of a systemic toxin that disturbs the osmotic 
system of the leaves. The paper by Hutchinson is 
frequently cited as the first report that attributed 
pathological wilting of plants to the formation of a 
toxic substance by a vascular parasite. Hutchinson 
based his conclusions on an experiment in which wilt- 
ing resulted when an aqueous solution of an alcoholic 
precipitate from a bouillon culture of the bacterium 
was introduced into a tobacco plant. 

\ detailed study of the mechanism of wilting by 
P. solanacearum was carried out by van der Meer 
(29), who found water movement to be less rapid in 
diseased plants than in healthy plants. Movement of 
eosin dye was very irregular in diseased plants, where- 
as dye movement was regular and uniform in healthy 
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plants and healthy parts of the diseased plants. Excised 
wilted leaves and termi: ots of diseased plants 
recovered when placed in e! In an investigation 
of the toxin theor 1 2-day-old beef broth culture 
filtrate of the bacteriui ‘ ntroduced into tomato 
and tobacco cuttir ‘\ ting occurred within 12 
hours, but gums were o e! I 1 transverse sections 
of the treated cuttir \ Meer concluded that 
the primary factor were 1) the damage 
to root tissue 2 the ] i n ot gums and tvloses 
in the vessels, and 3 lug xy of vessels by the 
bacteria. Gum _ fo it interpreted as a_ host 
response to the rehior | lou compounds pro 


duced by the bacteriu 


\ second intensive f ition oO thie 


wiltin wa | f by Grieve ] His 


| ossible 


causes of 


tological examinations of ed plants revealed that 
wilting could not be { ely to formation of 
tvloses or gums. When ex ed diseased tomato shoots 
were placed in solution of eosin red. no dye or a 
very limited amount of dye ved up the shoots. In 
addition, transpiratio ter uptake were signifi 
cantly slower in disea ! ealthy plants. Grieve 
concluded that wilti ot fected tomato and potato 
plants resulted trom gt echanical plugging of 
vessels by masses of her than by e forma 
tion of gums, tyloses 

Recently Hutchinson's t of toxigenic wilting 
has been supported y K i lwo LOX trac 
tions were obtained \ vine precipitatior irom 
2- to 5-month-old beef iltures of the bacterium 
It was suggested that the I t substance was a bacterial 
slime (a polypept de complex that caused wilting by 
its physic al action in pl ng the water-conducting 
tissue of the plant The se nd toxic substance was con 
sidered to be a plas i on that caused wilting by 
destruction of th eable property of the 
plasma membranes it m er similar to that postu 
lated for lycomaras ! (,aumann (6 Kunz also 
suggested that the bacter slime probably was con 
verted to toxic substances by the ction ot the enzymes 
from the host plan 

Among the expla divergent results 
obtained in the above tud n mechanism of wilting 
is the possibility that pure virulent clones of P. solan 
acearum were not mainta d. particularly when liquid 
cultures were grown for lo periods of time Smith 
(27) and many other inves itors (14) have observed 
that this bacteriui lose pathogenicity rapidly in 
culture; however, the basis for this rapid attenuation 
was not known he relationship of pathogenicity to 
colony types was first studied by Okabe | 2 who 
noted the appearance ot colony type variants that 
differed greatly in morphology from the virulent type 


sth ' 


Apparently, loss in pathogenicity of cultures of P. 


solanacearum on certain ilture media can be associ 
ated 
weakly 
(16). 


tial medium on which the 


velopment ot high populations ot 


with the de 
virulent or avirulent variants of the bacterium 


Furthermore, there is now available a differen 
fT; rent colony type s can he 


distinguished readily (15 


ATHOLOGY 


Vol. 48 


indicated the advisability of an in- 


These findings 


vestigation of the mechanism of wilting in which a 
study would be made of the role of metabolic products 
strains of P, 


present 


of pathogenic and weakly pathogeni 


The 


was to test the validity of the toxin theory: for 


solanacearum, primary objective of the 
study 
this purpose strains of the wilt bacterium differing in 
formation of 


pathogenicity were compared for the 


wilt-inducing substances in culture and for specific 


effects on host plants. A preliminary report on these 
studies has been made (11). 

One highly 
strain -1) and 2 variant strains (desig- 
nated as B-1 and B-2) of P. 
Strain F-1 was isolate No. 60 originally obtained from 


The B 


pathogenic ) 


MATERIALS AND METHODS pathogenic 
(designated as k 
solanacearum were used. 
naturally infected tomato in 1953 (15). (non- 


(weakly 


were derived from a single-cell culture of the F-1 strain, 


pathogenic) and B-2 variants 


The colonies of these 3 strains grown on a peptone- 


casein-hydrolyzate medium containing 2.3.5-triphenyl.- 


tetrazolium chloride had the following characteristics: 


k-] fluidal. 


white with a pink center: 


irregularly round. smooth, convex, and 
initially B-2 hbutvrous, 


irregularly round, slightly rough, raised. and deep red 


with a narrow white border: and B-] butvrous, 
round, small, smooth, slightly convex. and deep red 
with a narrow white border (Fig. 2. E. F. G). The 


mean diameters of the colonies of the 3 types after 72 


hours growth on the tetrazolium medium were = as 


follows: F-1, 4.1 


Cultures were purified by 


mm: B-2. 2.5 mm: and B-1l. 1.4 mm. 


streaking on the peptone- 


casein-hydrolyzate medium containing — tetrazolium 


chloride and selecting well-isolated colonies. Following 
purification stock cultures of the 3 strains were pre- 
pared by suspending 5 loops of bacterial growth in 5 


These 


cultures 


ml of sterile distilled water in capped test tubes. 


suspensions were stored at 25 4<,. Bacterial 


medium of the following 
sulfate, 1.32 g: 


3 mg: ferric 


were grown in a_ liquid 


composition: ammonium magnesium 
sulfate, 0.08 g: 


mg: manganese sulfate. 


zine sulfate, { chloride. 2.5 


8 mg: sucrose, 12 g: yeast 
extract, 1.0 g: (Difco). 2.5 g; pH 
7.0 phosphate buffer, 10 ml; and distilled water, 1000 
ml. Yeast extract and casein hydrolyzate were dialyzed 


alter 


casein hydrolyzate 


in 500 ml of distilled water at 5 C for 24 hours, 
which the other ingredients were dissolved in the re- 
sulting dialyzate and the solution made up te 1 liter 
with distilled water. 

Bottom Special tobacco (Vicotiana tabacum LL.) or 
Rutgers tomato (Lycopersicon esculentum Mill.) plants 
grown in soil or sand were used as host plants in the 
tomato 
The 


with a 


inoculation experiments. Cuttings of Rutgers 


seedlings were used for laboratory experiments. 


seedlings were grown in sand and watered 


mineral nutrient solution. Unless otherwise indicated, 


all experiments to determine wilt induction in cuttings 


were carried out in the following manner. Uniform 


seedlings were removed from sand, and the roots were 
thoroughly washed in tap water. To minimize con- 
tamination, the basal portions of the seedlings were 


dipped in 70 per cent ethanol for 2 minutes and rinsed 
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in sterile tap water to remove the alcohol. The stems 
were severed under sterile tap water and the cut ends 
immersed in the various test solutions. Test solutions 
were placed in test tubes (25 ml) or vials (10 ml and 
3 ml), depending on the size of cuttings. Containers 
were sterilized prior to use, and sterile cotton plugs 
were inserted in the mouths of the tubes to minimize 
contamination. Cuttings in solution were held in a 
lighted chamber at 30°C and at a relative humidity of 
At the end of the desig 


periods, the cuttings were examined for 


approximately 50 per cent. 
nated test 
symptoms of wilting and rated on an arbitrary scale 


as follows: 0 = no wilting, 1 slight drooping of lower 


leaves, 2 


the leaves except the terminal bud, 4 


wilting of lower leaves, 3 = wilting of all 
complete wilting 
without desiccation of leaves, and 5 = complete wilt- 
ing of all leaves and terminal portion of stem with 
desiccation of leaves, After the wilt ratings were made, 
the basal one-third of each stem was trimmed off and 
the cuttings transferred to distilled water so that pos 
sible recovery of turgor could be noted. All experi 
ments on cuttings were repeated at least 3 times. 

In studies on the effect of culture filtrates on cut 


tings, the bacterial growth from a 48-hour potato 
dextrose agar slant culture was suspended in 10 ml of 
sterile distilled water and added to 1 liter of medium 
in a 2-liter flask. After 24-48 hours of growth at 32°C 
on a rotary shaker, the bacterial cells were removed 


by centrifuging at 5000 rpm for 1 hour. The supe 
natant liquid was sterilized by passage through ultra 
One-half of the sterile cul 
18 lb. 


Twenty-ml portions of the test solutions were 


fine sintered glass filters. 
ture filtrate was autoclaved at pressure for 20 
minutes. 
placed in sterile 25-ml tubes and cuttings of 5- to 6 


week-old tomato seedlings with 3 or 4 well-expanded 


leaves were placed in the test solutions. Five cuttings 
were placed in each solution; sterile distilled water 
and the sterile culture medium were used as controls. 
All tests were repeated 3 to 5 times. 

In the preparation and isolation of the wilt-inducing 
principle, 4 liters of 48-hour-old liquid shake cultures 
of the F-1 and B-2 strains and 4 liters of the sterile 
medium were used. The bacterial cells were removed 
from the liquid cultures by centrifugation in an ait 
driven Sharples supercentrifuge. The clarified culture 
medium was concentrated to 1/20 of its original vol 


ume by vacuum distillation at 55°C. 
culture filtrate was centrifuged at 5000 rpm for 1 hour 


The concentrated 


residual bacterial cells or other solid 


To the viscous supernatant, 2 volumes of 


to remove any 
materials, 
absolute ethanol were added and the amorphous pre- 
cipitate was allowed to settle for 12 hours at 5°C. This 
initial precipitate, designated as Fraction I, was col- 
lected by centrifugation and dried under vacuum. The 
clear supernatant was again concentrated to its original 
volume by distilling off the alcohol under vacuum. The 
reconcentrated solution was poured into 4 volumes of 
absolute ethanol. This second precipitate, designated 
12 hours at 


dried 


as Fraction II, was allowed to settle for 
5 o collected by 


vacuum. 


centrifugation, and under 
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Each of the dried precipitates was ground to a 
powder and dissolved in distilled water at concentra- 
tions ranging from 0.1 to 0.5 per cent. One portion 
of the 0.5 per cent solution of the wilt-inducing Frac- 


(F-1) 


pressure for 20 minutes, and a 


tion II obtained from the virulent strain was 
18 Ib. 
second portion was dialyzed against distilled water for 


24 hours, All 


tomato seedlings. 


autoclaved at 


these solutions were tested on 6-in. 
Sterile distilled water and a solution 
of the precipitate obtained from the sterile medium 
served as controls. 

In the investigation of the chemical nature of the 
wilt-inducing substance, a 2 per cent solution of the 
alcoholic precipitate was hydrolyzed in 1 N_ sulfuric 
acid in a boiling water bath for 12 hours. The hydro- 
lyzate was neutralized with barium carbonate, and the 
precipitate formed was removed by centrifugation. Both 
the nonhydrolyzed and the hydrolyzed material were 
analyzed qualitatively for carbohydrate and protein by 
the methods described by Hawk et al (8). 


preliminary qualitative analysis indicated that the sub- 


Since this 


stance was a polysaccharide in nature, an attempt was 
1-dimen- 
1:1:5 


and water and a 9:1:5 


made to identify the sugar constituents by 


sional descending paper chromatography. A 
mixture of butanol, acetic acid, 
mixture of butanol, ethanol, and water were used as 
solvents (23). The spots were made visible by spray- 
ing with aniline phthalate (24) and heating the paper 
in an electric oven at 105°C for 5—10 minutes. 

In experiments to determine whether wilt-inducing 
substances were produced in vivo, 12- to 14-week-old 
tomato and tobacco plants grown in 6-in. pots were 
When the plants were 12 to 18 in. in height, 


1 strain by forcing a 


used. 
they were inoculated with the F 
needle into the stem through a drop of bacterial sus- 
pension placed in a leaf axil near the top of the stem. 
\fter 10-12 days, when the plants were severely wilted, 
they were removed from the pots and the roots washed 
free of soil with tap water, The roots were then placed 
in glass jars containing water, the top portions of the 
stems were cut off, and the stumps were attached to 
glass tubes by means of rubber tubing. The tracheal 
sap of the plants was collected in the glass tubes by 
applying a negative pressure of approximately 0.5 
atmospheres. Sap obtained from individual diseased 
plants was pooled and centrifuged at 20,000 rpm for 20 
minutes to remove bacterial cells. Trachea! sap of 
healthy plants of the same age and size was obtained 
in a similar manner. The supernatant fluid was passed 
through ultrafine sintered glass filters to remove any 
remaining bacteria) cells. The bacteria-free sap was 
divided into 2 portions; 
autoclave at 18 lb. pressure for 20 minutes and the 


other portion was not heated. Cuttings from tomato 


| portion was heated in an 


seedlings (25-35 days old and 4in. tall) were trans- 
ferred to vials containing 2 ml. of the sap. Five cut- 
tings were used for each test solution, and sterile dis- 
tilled water was used for the control. 

To investigate the specific effects of different strains 
of P. solanacearum on a susceptible host, tomato plants 
(F-1) and 


were inoculated with the highly virulent 
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weakly pathogeni B-2 trains Ten 8-week-old to observed. At the end of 12 hours. the petioles and the 
mato plants approximately 12 in. in height were apical portions of the stems had collapsed and most 
nen ulated in the lo ver port ot the stem with each ot the le aves were desice ated. In addition to the above 


strain of the bacterium: ¢ edle-puncture 


lo avoid 


technique 


described above was contamination 


the inoculation court w irface-sterilized prior to 
inoculation and covered w terile cotton pad after 
inoculation. After | weel e plants were examined 
for wilting sympt t | iro 
selected stem segment! is lar segments were 
examined histolo il 

kor histologic 1 I ¢ en t nents ipprox 
mately 1 cm in length we ken trom the apical por 
tion of the plant ind f solution of tormalu 
acetic acid, and ethanol | > hou The fixed m 
terial was dehydrated | ige through | tanol 
series and embedded Transverse se ons 
10—12 ju thick, were cut ¥ i rotary microtome and 
stained with safranin and t gre The stained ma 
terial was examined to determine the extent of multi 
plication and iny m ol ted plants by the bac 
teria 

Resuits._-Effect of filtrate on cuttings 
fomato cuttings placed i the culture filtrat ! 
highly virulent stra | exhibited wilting symp 


ipletely wilted at the 


toms after 114 hours 


end of 5 hours (Fi L.A itially, the petioles o 
lower leaves started drooy flagging of all the leaves 
and of the terminal portio of the cuttings soon 
followed The first symptom on the leaf blade was ai 
upward curling ot the leat mars s: this was followed 
by complete loss of turgor and shriveling of the leaves 
Necrosis of margins and erveinal areas also was 





Fic. 1. A) Effects 


a weakly pathogenic strain of ’seudomonas solanacearum, B) 
highly pathogenic strain of P. solanacearum. C) Effects on tomato 


sterile medium, b) weakly pathogenic strain, and « 
cuttings of tracheal fluid from a 
Symptoms produced o lifferent strains of P 


B-2 strain, and c) highly pathogenic F-1 strain 


ittings of a) sterile medium. 


diseased tomato plants infected by the F-1 strain and b) 


solanacearum a’ 


foliage symptoms, seedlings placed in the nonheated 
culture filtrate showed a pronounced softening of the 
basal portion of the stem immersed in the solution. In 
contrast to the effects produced by the nonheated cul. 
filtrate, heated 


filtrate first showed symptoms of wilting after 5 hours 


ture cuttings placed in the culture 


and were completely wilted after 12 hours: however, 


there was little injury to leaves, and the terminal buds 
iffected. Furthermore. no evidence of macer- 


ition of tissues was noticed in these cuttings. 


were not 


No wilting developed in cuttings placed in culture 


filtrates of the nonpathogenic (B-1) and weakly patho. 


genic (B-2) strains (Fig. 1.4), but the bases of cut. 
tings placed in nonheated culture filtrates of these 
strains were severely macerated. Those placed in 
heated filtrates were not. A severe epinasty of leaves 


ind twisting of terminal portions of stems was evident 
both 
filtrates of these strains. 


in cuttings in heated and nonheated culture 

lt was noted in these initial tests that the culture 
filtrate of the highly pathogenic strain was much more 
viscous than the culture filtrates of the less pathogenic 
strains. Therefore, it seemed advisable to make exact 


measurements of the relative viscosity of these culture 


filtrates. and Fenske-Ostwald viscometers (size 100) 
were used for this purpose. 
Phe wilt-inducing effect of the heated and non- 


heated culture filtrates was determined in conjunction 


with viscosity measurements. All cuttings placed in 


wilting according to 


the test solutions were rated for 


b) culture filtrate of a highly pathogenic strain, and c) 


Effects on tomato cuttings of alcoholic precipitate from a) 


healthy tomato plants. D) 


noninoculated control, b) weakly pathogenic 
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Taste 1.—The relative viscosity and wilt-inducing effect of 
heated and nonheated culture filtrates of different 


strains of Pseudomonas solanacearum 


Relative Wilting 
Test solution viscosity index 
Culture filtrate of F-1 83.3 5 
Heated culture filtrate of F-] 83.0 85 
Culture filtrate of B-1 50.5 0 
Heated culture filtrate of B-] 0.4 0 
Culture filtrate of B-2 51.5 0 
Heated culture filtrate of B-2 50.5 0 
Sterile medium 0.0 0 


Relative viscosity 


seconds In size 


expressed in terms of flow time in 
LOO Fenske-Ostwald viscometers, 
Average wilting index for 5 cuttings after 12 hours (0 


vilting, 5 = complete wilting). 


the arbitrary scale described previously. These data 
and the viscosity measurements are presented in Table 
1. Results confirmed the preliminary observations of 
differences in viscosity. since the filtrate of F-1 was 
found to be significantly more viscous than were the 
Wilting of cuttings oc- 
Wilt- 


lower in the heated culture 


filtrates of the other strains. 
curred only in the filtrates of highest viscosity. 
ing index was slightly 


filtrate of the F-] strain than in the nonheated filtrate. 


When bases of the stems of wilted cuttings were 
clipped off and the cuttings transferred to water, those 
cuttings that had been placed in nonheated culture 
filtrates recovered only partially. Cuttings transferred 
from heated culture filtrates recovered completely. 


\ flocculent 


adding 2 


lsolation of the wilt-inducing material. 
precipitate (Fraction I) was obtained by 
volumes of absolute ethanol to the culture filtrates of 
When 
t volumes of alcohol were added to the concentrated 
culture filtrate of F- 
a gelatinous precipitate (Fraction IT) was obtained. 


F-1 and B-2 as well as to the sterile medium. 
l after the removal of Fraction I. 


This precipitate remained suspended and formed a 
semisolid gel when it was kept at 5°C for 12 hours. 
In contrast, after addition of alcohol to the concen- 
trated culture filtrate of B-2 and the sterile culture 
medium, a small amount of a flocculent precipitate 
formed, and all of it settled to the bottom within a few 
minutes. Fraction Il obtained from the culture filtrate 
of F-1 gave an opalescent viscous solution in water: 
Fraction I from F-1 and Fractions I and II from B-2 
and the sterile culture medium produced transparent 
and nonviscous solutions (Table 2). When Fractions 
1 and II from culture filtrates of F-1 and B-2 and the 
sterile medium were tested on cuttings, only Fraction 
Il from F-1 caused wilting (Fig. 1.B). This Fraction II 
of F-1 filtrate at a concentration of 0.1 per cent caused 
tomato cuttings to wilt within 5—6 hours: no wilting 
Fraction II from B-2 or the. sterile 
culture medium even at a concentration of 0.5 per cent 


(Table 2. Fig. 1.B). Fraction II 


stable, but lost some wilt-inducing capacity 


was caused by 


from F-] was heat 
when a 
0.5 per cent solution was dialyzed distilled 
418 hours. Wilting caused by this substance 


against 


water for 
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was reversible, since wilted cuttings recovered com- 
pletely when the bases of cuttings were clipped off 
and the cuttings transferred to distilled water. 

The presence of a highly viscous heat-stable ma- 
terial in the culture filtrates of the pathogenic strain 
indicated the possibility that this strain formed cap- 
sular material or extracellular slime. To investigate 
this possibility, cells of the 3 strains were stained by 
the India ink method and also by the eosin-serum 
method of Howie and Kilpatrick as recommended by 
Duguid (5) for staining bacterial capsules and slime. 
Examination of slides of the F-1 strain prepared from 
on a_ peptone-casein-hydrolyzate 


that this 


a 72-hour culture 


medium revealed strain formed slime in 


abundance on this medium (Fig. 2,A). Slime was not 
present in similar preparations of either strain B-1, or 
B-2 (Fig. 2.,B). When a solution of the partially puri- 
fied wilt-inducing from the F-1 
strain was stained by the eosin-serum technique, the 


substance obtained 


distinctive reticulate pattern formed by this substance 
on the slide (Fig. 2.C) was the same as the reticulate 
pattern of the slime around the cells of the F-1 strain 
taken from culture. This indicates that the heat-stable 
viscous material precipitated from the culture filtrate of 
the pathogenic strain is similar to or identical with the 
slime that is formed by the cells of this strain. 
Identification of the wilt-inducing fraction.—The 
alcoholic precipitate (Fraction II) of the F-1 strain 
was subjected to a number of qualitative tests for pro- 
tein and carbohydrate; the data are summarized in 
Table 3. These results, as well as data on other physi- 
cal characteristics, indicate that this fraction can be 
considered to be a polysaccharide; however, the ma- 
terial also gives a positive test with the Biuret and 
indicating that nitrogenous groups 
present in 


Millon’s reagents, 
are also present. Nitrogen is commonly 
most complex bacterial polysaccharides (17). 

In the chromatographic’ analyses of the acid hydro- 
lyzate of Fraction Il of the F-1 strain, only glucose was 
detected. This was confirmed by qualitative tests for 
glucose on the hydrolyzate. No amino sugars were 
sprayed with 


strips were 


as modified by Partridge 


detected when the paper 


Morgan and Elson’s reagent 


ante 2.—Wilt-inducing effect and viscosity of solutions of 
the precipuate (Fraction IT) obtained from culture 
filtrates of virulent (F-1) and weakly virulent (B-2) 
strains of Pse udomonas solanacearum 


Wilting index 
when concentra- 
Relative tion in per cent” 
viscosity" was as indicated 
0.5 0.2 0.1 


Source of precipitate 


- = : , 
Culture filtrate of F-1 165 ) } 2 
Culture filtrate of B-2 92.5 0 0 0 

52.0 0 0 0 


Sterile medium 2 


Viscosity of 05 per cent solution expressed as flow 
time in seconds in size 100 Fenske-Ostwald viscometers. 
Mean wilting index of 5 cuttings after 12 hours (0 


no wilting, 5 complete wilting) 
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Fic. 2. A-D) Phase contrast photomicrographs (2000). A) Cells and slime of the highly pathogenic F-1 strain of 
ar B) Slime-free cells of the weakly pathogenic B-2 
() Slime isolated from the culture filtrate of the highly pathogenic F-1 


E-G) Five dav-old colo- 
) 


medium (2). E) Highly pathogenic F-1. F) Weakly pathogenic B-2. 


Pseudomonas solanacearum prepared from culture on a solid medium. 


strain prepared from culture on a solid medium 
strain. D) Cells and slime of e highly pathogenic F-1 strain from a diseased tobacco plant. 
nies of 3 strains of P. solana ’ on tetrazolium 
G) Nonpathogenic B-! 
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TasLe 3.—Results of qualitative tests on the wilt-inducing 
substance obtained from culture filtrate of the highly 
pathogen F.] strain of Pseudomonas solanac earum 


Non- 


Tests hvdrolvzed Hvdrolvzed 


Molisch reaction 

Fehling’s test 1 
Benedict's test 

Xanthoproteic reaction : 

Biuret test n 

Millon’s reaction 

Ninhydrin test 


(23). The possibility exists that other constituents in 
addition to glucose and nitrogenous components also 
are present in Fraction II of the F-1 strain. 

Production of wilt-inducing substances in vivo. 
Considerable difficulty was experienced in obtaining 
an adequate volume of tracheal sap by applying suc- 
tion to the basal portions of the stems of diseased 
tomato and tobacco plants. The yield of liquid from 
a diseased plant was usually less than 1/10 the volume 
of sap obtained from a healthy plant. This observa- 
tion serves to support the concept that wilting in dis- 
eased plants occurs because passage of water is pre- 
vented by the occlusion of the vascular tissues. 

Cuttings placed in tracheal sap obtained from in- 
fected tomato and tobacco plants began to wilt after 
1 hour and were completely wilted after 5 hours (Fig. 
1.C). Leaf margins and tips showed severe necrosis 
after 12 hours. In contrast, no wilting had developed 
in cuttings placed in tracheal sap of healthy tomato 
and tobacco plants after 12 hours. The toxic sub- 
stance present in the tracheal sap was heat stable, since 
the wilt-inducing potential was not appreciably re- 
duced by autoclaving at 18 lb. pressure for 20 minutes. 
Similar results were obtained in each of the 3 experi- 
ments. 

To determine whether the slime formed by the bac- 
terium in culture was also produced in infected plants, 
bacterial exudates obtained from cut stems of diseased 
tobacco and tomato plants were stained by the eosin- 
serum method. Slides prepared from these exudates 
(Fig. 2.D) showed more slime than did those from 
cultures on solid media (Fig. 2.A). These results are 
similar to those obtained with certain animal patho- 
gens, since organized slime layers in the form of 
capsules are larger in the bacterial smears prepared 
from infected hosts than in those from cultures on 
solid media (4). The reticulate pattern of the slime 
noted in preparations from cultures on solid media 
(Fig. 2.4) was also apparent in the slides with bac- 
teria from diseased plants (Fig. 2.D). 
different 
Tomato plants inoculated with the weakly pathogenic 
(B-2) and with the highly (F-1) 
were examined for wilting symptoms after 1 and 
weeks. Plants inoculated with the weakly pathogenic 
(B-2) strain showed no symptoms of permanent wilt- 
ing after 2 weeks (Fig. 1,D). Initially, slight droop- 
ing of leaves was observed at midday in plants inocu- 


Inoculation experiments with strains. 


strain 
) 


pathogenic 
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lated with the B-2 strain; however, the plants always 
recovered at night. Although wilting symptoms did 
not develop in these plants, stunting and leaf epinasty 
were evident. Adventitious roots formed on the stems, 
which became greatly swollen at the point of inocula- 
tion. In addition, vascular tissues were discolored 
All plants 
inoculated with the F-1 strain were severely wilted in 
7 days; 


above and below the inoculation court. 


stems were completely collapsed, and plants 
were usually dead in 12 to 14 days. 

When isolations were made from terminal portions 
of plants inoculated with these strains, the bacteria 
were obtained consistently from the apical sections. 
Only the weakly pathogenic (B-2) type was reisolated 
from plants inoculated with the B-2 type. Isolations 
from plants inoculated with the F-1 strain occasionally 
yielded the B-2 as well as the F-1 type. The number 
of B-2 colonies present in these isolations from plants 
inoculated with F-1 usually represented less than 10 
per cent of the total population. 

When paraffin and free-hand sections of infected 
vascular 
bundles was observed in plants inoculated with each 
however, the F-1 strain (Fig. 3,A) 
caused greater disorganization of vascular tissue than 
did B-2 (Fig. 3.B). In either 
strain, xylem vessels filled with bacterial masses often 


stems were examined, disorganization of 


of the strains: 


plants infected by 


were noted. In certain sections, cavities in the stem 
were also filled with bacteria; however, in plants in- 
fected with B-2, cavities were smaller in number and 
size and the extent of invasion of tissues was much less 
than in those infected by F-1. 

Discussion.—On the basis of these investigations, 
the difference in wilt-inducing potential between cul- 
ture filtrates of a highly pathogenic and a weakly 
pathogenic strain of P. solanacearum can be attributed 
mainly to a heat-stable substance in the filtrate of the 
former. Although the exact chemical composition of 
this wilt-inducing material has not been determined, 
the high viscosity of aqueous solutions of the mate- 
rial, its slow rate of dialysis, and preliminary chemi- 
cal tests indicate that it is a highly polymerized com- 
plex polysaccharide with glucose as the main sugar 
constituent. In an investigation of various bacterial 
polysaccharides, Cooper and Preston (2) had reported 
previously that P. solanacearum occasionally produced 
a fructosan in peptone-sucrose broth cultures. 

Most bacteria form an extracellular slime layer that 
is either firm and organized as a capsule or loose and 
With few 
exceptions, the slime layer consists of simple or com- 
According to Dubos (4) and 


released into the culture medium (4, 5, 17). 


plex polysaccharides. 
Knaysi (17), all slime-producing bacteria also form 
smooth mucoid colonies on solid media and cause an 
increase in the viscosity of the medium when grown in 
liquid cultures. This ability to produce slime can be 
lost through mutation (1, 4). As a result of this loss, 
colony morphology of the mutant strains differs from 
that of the original type and viscosity of broth cultures 
of the mutants is lower than that of the slime-forming 
strains, 
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On the basis of the above observations. it can be — late pattern of the slime formed by the virulent strain 
postulated that the wilt-inducing material produced — in diseased tissues and on solid media is the same as 
by the highly pathogenic strain of P. solanacearum is — that of the wilt-inducing substance obtained by alco- 
essentially the extracellular slime layer of this bac- — holic precipitation from culture filtrates of the virulent 
terium. This is supported by the fact that the reticu- type. Since both the weakly pathogenic and the non- 
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Fic. 3. Photomicrographs of transverse sections of the stems of tomato plants inoculated with 2 strains of Pseudomonas 
solanacearum. A) Highly pathogenic F-1 strain and B) weakly pathogenic B-2 strain. 
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pathogenic strains used in these studies originated 
from a single-cell culture of the highly pathogenic type 
(15), it also can be assumed that these strains are 
non-slime-forming mutant types. This assumption is 
supported by the demonstration in stained prepara- 
tions that slime is not present around cells of the 
weakly pathogenic and nonpathogenic strains but 
present around cells of the virulent strains. 

The experiments with tracheal fluid indicated that 
there was a wilt-inducing heat-stable substance in dis- 
eased plants. Furthermore, bacterial slime was present 
in the xylem tissue of diseased plants, as was demon- 
strated in stained preparations of bacterial exudates. 
It is recognized that this constitutes only indirect evi- 
dence that the slime material is the wilt-inducing fac- 
tor in the tracheal fluid. Nevertheless. on the basis of 
the work completed in this study, the wilt-inducing 
slime fulfills most of the criteria of a vivotoxin as de- 
fined by Dimond and Waggoner (3). 

In phytopathological literature there are relatively 
few instances of a demonstrated correlation between 
ability of a pathogen to form a specific injurious sub- 
stance and its level of virulence, as has been shown for 
certain strains of the Granville wilt bacterium. It is 
significant that this relationship between slime produc- 
tion and virulence in P. solanacearum is analogous to 
that between capsule formation and virulence in cer- 
tain strains of human and animal pathogens. In the 
classical research on Diplococcus pneumoniae Weichs. 
(Pneumococcus), it was demonstrated that smooth and 
mucoid colony types are encapsulated and virulent; in 
contrast, rough colony variants have lost the ability to 
produce a slime layer and are avirulent (4). Similarly, 
the formation of capsules has been correlated with 
virulence in Klebsiella pneumoniae (Schroet.) Trev. 
(18). Hemophilus influenzae (Lehm. & Neum.) Wins. 
(25). Brucella spp. (1, 10), and Pasteurella pestis 
(Lehm. & Neum.) Holl. (26). 

In encapsulated human and animal pathogens, the 
capsular substance may protect the invading organisms 
against the action of phagocytes, antibodies, or the 
reticuloendothelial system of the host. Since there is a 
distinct similarity between the physiological effects of 
loose slime produced by nonen¢ apsulated and that 
which is formed in a distinct layer around encapsu- 
lated bacteria (4), the slime of the Granville wilt 
bacterium. in addition to its role in wilt induction, 
may function in a manner similar to a capsule in its 
relationship to the bacterial cell and in the effects of 
its inherent chemical components. It is recognized 
that the functional protective value of a slime layer 
for a plant pathogen is quite different from that of an 
animal pathogen. It is possible, however, that the 
absence of slime around cells of the avirulent or weak- 
ly virulent strains exposes them to the effects of host 
substances that may restrict the development and mul- 
tiplication of these strains following introduction into 
tomato or tobacco plants. 

The difference in slime-producing ability between 
the highly pathogenic and weakly pathogenic strains 
can be related to the differences in colony morphology 
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between these types as reported by Okabe (21, 22) 
and Kelman (15). The highly pathogenic type (F-1) 
produces slimy, moist, fluidal colonies: in contrast. 
the weakly virulent (B-2) or avirulent (B-1) strains 
are characterized by the small, butyrous, nonfluidal 
colonies typical of non-slime-forming variants. 

The difference in pigmentation of the colonies on a 
tetrazolium chloride medium also can be explained on 
the basis of differences in slime production. Young 
fluidal colonies of the F-1 strain initially show only a 
faint pink coloration in the central areas: in contrast, 
the colonies of the B-1 and B-2 strains become deep 
red (15). On the basis of direct observations, the 
highly viscous slime layer has a low affinity for the re- 
duced form of the tetrazolium salt. Thus, the pink 
color develops more slowly in the central areas of 
young colonies of the pathogenic strain and therefore 
the intensity of color remains lower than that which 
characterizes the non-slime-forming B-1 and B-2 
colonies. 

The present evidence fails to indicate that the Gran- 
ville wilt bacterium causes wilting by the formation of 
plasma poisons or toxins as originally suggested by 
Hutchinson (13) and more recently by Kunz (19). In 
the experiments completed by both of these workers, 
toxins were isolated from cultures grown in beef 
bouillon, a medium that may itself cause injury to 
plants and one that favors the most rapid increase in 
populations of the weakly pathogenic variants, par- 
ticularly in nonaerated cultures (16). Consequently 
the products obtained may not have been strictly those 
of the virulent strain. In the procedure followed by 
Kunz, the entire liquid culture medium containing 
bacteria that had grown for 2-5 months was used for 
alcoholic precipitation. This medium presumably con- 
tained products of autolysis of bacterial cells as well 
as high populations of the variant types. A toxic sub- 
stance produced by P. solanacearum after 2—5 months 
of growth in culture may not play a role in nature 
where the course of the disease is very rapid and plants 
may be killed in 10-14 days. On this basis, it is possi- 
ble to explain the differences between the properties 
and effects of the wilt-inducing substances obtained by 
Kunz and the wilt-inducing material obtained in the 
present investigation. 

The ability to induce wilting in plants has been 
ascribed previously to extracellular polysaccharides 
formed by certain phytopathogenic fungi and bacteria. 
\ wilt-inducing high-molecular-weight polysaccharide 
was obtained by Thomas (28) from culture filtrates of 
Fusarium solani f. eumartii (Carp.) Synd. & Hans. 
This material was considered to cause wilting by a 
mechanical blocking effect. Hodgson et al (9) studied 
the wilt-inducing properties of various polysaccharides 
of plant origin, of different high-molecular-weight sub- 
stances such as carbowaxes, and of a glucosan formed 
by the crown gall bacterium, Agrobacterium tume- 
faciens (Smith & Towns.) Conn. From these studies it 
was concluded that for certain polysaccharides there 
was a direct relationship between molecular weight 
and ability to cause wilting and necrosis of leaflets 
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of tomato cuttings. Wilting was attributed mainly to 
a mechanical blocking of vessels. The polysaccharides 


that caused leaflet injury were those that formed 


clear aqueous solutions with relatively low viscosity 
In general the approximate molecular weights of these 
materials were significantly lower than the molecular 


weights of those polysaccharides that formed opales 
cent or viscous solutions and caused a more generalized 
wilting with relatively little injury to leaflets. Recently, 
Leach et al (20) studied the wilt-inducing ability of a 
high-molecular-weight polysaccharide produced by 
Yanthomonas phaseoli (kb. F. S Dows. This poly 
saccharide formed a very viscous opalescent aqueous 
solution and caused reversible wilting of cuttings of 
tomato. sunflowers. and beans. Leach et al concluded 
that wilting by this polysaccharide was caused by a 
mechanical blocking of the 1‘ cular tissues in the 
stem. With respect to general properties and effects 
on cuttings, the slime material of 
more similar to the polysaccharide of K. pi 


to the vlucosan of A. tft efacte The roles of the 


tumete ns 


polysaccharides ot \ pnas 1d ¢ / 


ha not been deter 


in the mechanism of pathogens 
mined, howe ver. and neithe ot ti pat 
wilting of plants under 1 

On the basis of the 1 t lit on the w 
ducing slime of P. solar t possible to 
support the concept propo ( 
workers that the primal 
chanical plugging of Iss of bacterial 
cells alone Histologi ) 0 ymiplete 
wilted plants do nol ie te ol i mavnority 
of the vessels are entire i y masses oO 
terial cells, either in the eaf petiole | 
thermore, plants ino ted wilt weakly patho 
genic non-slime-forn il instan ha 
vessels blocked by n 
plants did not show w lt 
histological examinat yssil oweve , 
the presence of large wterial ¢ 
rounded hy a laver ot i ¢ +} 
blocking effect of the 

Evidence that the bact j 
acts physic lly to impede t ent Ippo! 
by the observations on | etfects otf ot 
polysaccharides and also { erimental re 
of van der Meer (29 ( Both of thes 


worke rs showe d t| 


la a | y ~ sis 
slower in the stems 
of healthy plants. Van der M » found that 
invaded wilted shoots re ) rT n they 
removed from diseased plants i placed in w 
Furthermore, in attempt » ol eal sap in th 
investigation, if was 
dificult to pull water thro tems of diseased 


plants by means of suctior 


In a consideration of prese ition, it can be 
concluded that the slime prod P. solar 
plays a major role in the wilt if infected plants 
It is suggested that the rulent st ot the bacter 


after it enters the host. mult lly in the xyle 


tissue and forms slime in abundance. The slime causes 
a marked increase in viscosity of the vascular stream. 
(s a result of the physical action of the slime and to 
a lesser extent of the bacterial cells, a gradual me. 
chanical occlusion of the vessels occurs, and passage of 
water through the affected tissues gradually ceases. 

It has been demonstrated that pectic and cellulolytic 
enzymes are produced by P. solanacearum, both in 
culture and in infected plants (11, 12). These enzymes 
are involved in the breakdown of tissues and may in- 
crease the severity of wilting as well as aid in the 
spread of the bacterium through the host. The weakly 
pathogenic or nonpathogenic strains of P. solanace. 
arum do not produce the wilt-inducing slime, although 
these strains have the ability to form pectic and cellu- 
lolytic enzymes. Studies on the production of these 
enzymes and their role in pathogenesis will be dis- 
cussed in a separate paper. 

PLANT PATHOLOGY 


NorTH CAROLINA STATE COLLEGH 
RaLeicu, NortH CAroLina 


LITERATURE CITED 


Bratcn. W 1953 Bacterial genetics W. B. Saunders 
Co., Philadelphia. 238 p. 


» Cooper, BE. A. AND J. F. Preston. 1935. Enzyme for- 


mation and polysaccharide synthesis by bacteria 
Biochem. J. 29: 2267-2277. 

Dimonp, A. E.. ann P. E. Wacconer. 1953. On the 
nature and role of vivotoxins in plant diseases. Phyto- 
patholo y 43: 229-235 

Dinos, R. J. 1945. The bacterial cell. Harvard Univ, 
Press, Cambridge, Mass. 460 p. 

Dicium, J. P 1951. The demonstration of bacterial 
capsules and slime. J. Pathol. Bacteriol. 63: 673-685. 

f) CAUMANN | 1951 Some probe ns of pathological 
wilting in plants. Advances in Enzymol. 11: 401-437, 

(CFRIEVE B. J L941. Studies in the pl Vsiology of host 
parasite relations |. The effect of Bacterium so 
inacearu on the water relations of plar ts Proc, 
Rov. So« Victoria 53: 268-299 

Hawk, P. B.. B. L. Oser, ann W. H. St MmMerson. 1954. 
Practical physiological chemistry. Ed. 13. Blakisten, 
P| leiphia 1439 p 

Hopeéson, R.. W. H. Pererson, ano A. J. Riker. 1949, 
Phe TOXIcITV of polysaccharides al d othe lar cle 

ile ( ito cuttings P} vtonpatholoey 39: 17-62 

HluppLeson, | F, YA. The presence of a capsule on 
Brucella cells, Mich, State Coll. Tech. Bull. 177: 
11.] 


Husain. A.. anp A. KELMAN. 1957 Presence of pectic 
loivti nzvVmes in tomato plants infected Dv 


inacearum. Phytopathology 47: 111 


Hureninson, C. M. 1913. Rangpur tobacco wilt. Mem. 
Dept. Agr. India, Bacteriol. Ser. 1: 67-83. 
l4. KeLMAN \ 1953. The bacterial wilt caused by 


Pseudomonas solanacearum, a literature review and 


ibliography. N. Carolina Agr. Expt. Sta. Tech. Bull. 
99, 194 p 

KELMAN, A, 1954 The relationship of pathogenicity in 
Pseudomonas solanacearum to colony appearance on 
i tetrazolium chloride medium PI vtopathology 1: 
693-695 





— 


a 











March. 1958 


16. 


)) 


found if} 





SMOOT ET AL: PRODUCTION 


viability and 
solanac earum. 


KeELMAN, A. 1956. Factors influencing 
variation in cultures of Pseudomonas 
(Abstr.) Phytopathology 46: 16-17. 

Knaysi, G. 1951. Elements of bacterial 

Comsto« k Publ. Co., Ithaca, N. t. 375 p. 

Knoui, K. H. 1954. The capsular substances of Kleb 
siella pneumoniae. II. Zentr. Bacteriol. Parasitenk. 
Abt. 1 160: 444-462. 

Kunz, R. 1952. Die Wirkangsweis« 
solanacearum E. F. S., Erreger der tropischen 
Schleimkrankheit des Tabaks, auf Solanum lycoper 
sicum L. Phytopathol. Z. 20: 89-112. 

Leacu, J. G., V. G. Lazy, H. A. Wison, 


r ytology. 


von Bacterium 


dem 


anp M. R 


Purvis, Jr. 1957. Bacterial polysaccharides: The na 
ture and function of the exudate produced by Xantho 
monas phaseoli. Phytopathology 47: 113-120 


Oxane, N. 1949. Studies on Bacterium 


special 


solanacearum 


with reference to pathogenicity of colony 


variants (in Japanese with English summary). Re 


search Bull. Shizuoka Agr. Coll. I: 41-59. 

OKxasbe, N. 1954. Studies on Pseudomonas solanacear 
um. VI. A comparative study of the colony typ 
organisms, F and Op (in Japanese with English 
summary). Rept. Fac. Agr. Shizuoka Univ. 4: 41-60 


LION AND GERMINATION O| 


Gough.” H. A 


PRODL ( 


| | Smoot, F. |. 


Pwo sexually compatible mating groups were 


Phytophthora infestans. Oospores, within 


mvonla-bearm imphigvnous antheridla were 
formed in great abundance when any | isolate fron 
| roup of cultures of P. infestans was paired with 
ins solate from a second group on agar or on 
leaves of potato or tomato plants. Three isolates 
tro Mexico. 26M. 42M. and 43M, composed 1 
roup. whereas 105 isolates from the United States 
Canada. western Kurope. South Atrica ind = the 
West Indies composed a second. One isolate fror 
Mexico. 66M. reacted as did isolates in t second 
group. Oospores were not produced thundanes 
from intragroup pairings. Oospores were tormed 
whet compatible isolates were paired on Liq iid ol 
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Qospores produced in paired cultures germinated 
in dung infusion and in potato-soil leachate prepa 
rations by producing germ tubes that usually bore 
germinated 
tubes 
The percentages of oospores that verminated in the 
from 1 to 10. Many physical 


failed to increase the 


terminal sporangia. These sporangia 


by liberating zoospores or by forming germ 


above liquids ranged 


ind chemical treatments 


ermination percentage 


isolates obtained wu 


were 


lwo single OOS Pore 


These 
One culture 


to 


were shown to be pathogent 
derived 


1.2 with a 


Irom pairing a 
United States 
Race ) reacted is physiologic Race i) 


tested on differenti il potato hosts The second 


potato pl ints 
Vii \icdan 


isolate of 


isolate of Race 


wien 


oospore culture from pairing a Mexican isolate of 
Race 1.2 with an isolate of Race 1.4 from the United 
States reacted as did Race 1.4 but differed from it 
in growth type on Lima-bean agar The mating re 
iction of both cultures was the same as that of the 


l nited States isolate ised in the pairings 
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= reproduction ol Phytophthora infestans 


ey ial 
Mont } de By. has 
ind 


lished prool ot its pat! og 


plant pathologists 
Bary first pub- 


| his interest 


interested 


mvcologists since 1863. when de 


| enicity to potato 
has continued because of the possible re lationship of the 
the 


virulent 


sexual stage to the overwintering of fungus and 


to the formation of new ind more 


through genetic recombination 
Oospores of P. infestans were first reported by Smith 


(27) in 1875: however, examination of Smith’s draw- 
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ings (1) indicates that he ly wa ybserving P. phaseoli and P. cactorum have since been considered 
oospores of closely related | In 1890, Smoraw to be homothallic (4, 17), and Leonian (17) suggested 
ski (29) described oogonia wit 1ous antheridia that P. infestans is also homothallic. Barrett (2). how- 
in diseased potato tubers WY Jone 14 ind ever, recently reported the occurrence of oospores in 
Jones, Giddings, and Lutma btained oogonium mixed cultures of P. infestans and P. drechsleri Tucker. 
like bodies without anthe pure cultures or \ culture from a single germinated oospore from the | 
potato gelatin and on Lis ir. Clinton (4 cross apparently was established. This report (an ab- 
' believed the culture mediun 1 by them to be wu stract) is confusing because of a typographical error: 
suitable to perfect the bodi Che first report the term “female P. infestans” appearing in the next to 
of oogonia with amphigynou I lla ane Ospore last sentence should read “female P. drechsleri.’’4 
: in pure culture was mad ( tor n 191] In earlier work with physiologic races of P. infestans. | 
They appeared when the fur cultured upon oat the authors became interested in the genetics of the 
agar. He noted that the ant ind oogonia origi fungus and particularly wished to study the inheritance | 
nated upon different hyphae. > Clintons report of race characteristics. Since many different isolates | 
several investigators have erved oospores in cul had been accumulated from various parts of the world, 
tures on oat agar and other media. Pethybridge (23 it seemed logical to determine if any possessed the 
obtained oogonia without a1 rid n oat agar. In ability to produce oospores and, if so, to determine if 
1913. Pethvbridge ind Mu A reported an they were homothallic or heterothallic. If heterothallie 
abundance of oospores produced by certain isolates on isolates were found, it might be possible to study the 
rolled-oat medium \ large nu r of oospore beal genetics of the fungus. provided the oospores could be | 
ing oogonia without antheridia e observed, Oospores — induced to germinate. This paper reports the results 
thus produced were consid 1 to parthenogeneti of studies on the production and germination of 
In 1914, Pethybridge (24 ¢ that the oogonia oospores of P. tnfestans. Preliminary reports of these } 
incept arises from a hypha ra intheridial hypha results have been given previously (13, 28) 
that develops first. The enetrates the at MATERIALS AND METHODS.—-Over a period of several 
theridium at its base, gro t, and breaks out years, 105 isolates representing 14 different potato 
at the top, where it swe fuces The oogoniun physiologic races and 2 tomato races of P. infestans | 
Rosenbaum (26) found o¢ ne Oat In one O1 were obtained from potato- and tomato-growing areas 
several strains grow! Wy per cent wert of the United States, the British Isles. western | urope, 
without antheridia; the 1 attachments that \frica, Canada, Mexico. and the West Indies. Stock , 
“might or might not ridta MMS cultures were maintained on frozen-Lima-bean agar | 
(19) reported theo ( spore blended frozen Lima beans, 150-250 @: agar. 15-20 g: 
oogonia on raw potato f I De Bruyn (8,9) found listilled water to make 1 liter | 
oospores in cultures 0 = — lo determine if mating groups existed within these ) 
potato tubers, cere u ‘a - 7 mh Cul solates, they were grown in mixed cultures of vari- ( 
tures. In 1923, Eriksso AV : fipea oospores In sus combinations. Natural and svnthetic liquid and 
potato leaf tissue at the : wey =, oe solidified media, as well as potato and tomato leaves, 
and observed their gi a N10 Cl tubes emerg were used The medium used most extensively was 
ing through stom a Be rved oogonia Wh sovbean-meal agar (ground soybeans, 15 @: agar 20 ge: 
amphigynous intheridia : — Kurop distilled water to make 1 liter). Other media are listed 
\ustralia, and Holl me + no cease _— ture pecifically along with the experimental results. The 
In 192%, Murphy | vith partneno media were seeded with either mycelial tufts o1 Spor- | | 
genetic oospores, OCCaS101 , : were presen! ingial suspensions The mixed cultures were grown 
Szymanek (30 liscovered Ke Oa it 18°—20° \ 
pure cultures in Here mcr ae: obta , Oospores produced in the mixed cultures were t 
oospores from old cultut — irvested by |] the blending and centrifugation of t 
and on oatmeal agai tions, Kotila 7 Wate: 
igar media containing oospores, 2) the liquefa tion of ¢ 
(16) observed what e€ co ] ) OO ore ' . . . 
ae frozen-Lima-bean gelatin, and 3) the stripping of agar i 
leaves and tubers of po leave i col Bee ; 1 
uiectel teemnbe: alent | iz / edia from Petri dishes so as to leave oospore : adher- I 
Silt WEE a ak a ing to the glass bottoms. The last method was usec 
“EE EE Sree ilmost exclusively for germination experiments 
The first report of 00s; x in interspe lhe materials used in germination tests with oospores I 
oil dati etm nel - lOl]. He produced in mixed cultures included organic and in- ‘ 
reported that oospores of the ] festans tvpe were organic chemicals. potato-soil leachate. and dung In- . 
' more numerous when that species was paired in cul fusions. The potato-soil leachate was prepared by , 
ture with either P. phas: | xt. or P. cactorur pouring distilled water on the soil around a large a 
(Leb. & Cohn) Pethvb. than wh. t was grown alone potted potato plant and then collecting at the bottom ' 
He considered the spores thus produced to be hybrids 
and assumed that P. phaseoli and P torum supplied t Personal correspondence with Dr. Barrett, November 27, 
the antheridia that stimulated | luction of oospores 1956 I 
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of the pot the first 100 ml that passed through the soil 
The leachate was filtered through paper and then ster- 
ilized by autoclaving or by passage through a bacteri- 
ological filter. The dung infusions were prepared by 
steeping 40 of horse, cow, sheep, rabbit, or guinea 
pig dung in | liter of distilled water. The dung was 
removed by filtering, and various dilutions of this stock 
autoclaving. Cheo and 


solution were sterilized by 


Leach (5) demonstrated that autoclaving did not de 
stroy the principle in horse dung that stimulated germi 


Niess! 


The various organic and inorganic chemicals used in 


nation of spores of Ustilago striiformis (West 


these studies are listed along with the experimental 
results 

Pathogenicity tests of germinating and nongerminat 
ing oospores were made by injecting potato plants with 
such oospores suspended in water or in horse-dung 
infusion or by spraying the foliage with 


oospore 


Zoospore-sporangium suspensions tron 


suspensions 
single-oospore cultures growing on Lima-bean agar were 
used to inoculate potato plants by spraying the foliage 


for 12-24 hours 


Inoculated plants were incubated 
either a dew chamber (20) or a moist chaml 
tained at 18°—20°¢ 

Oospore production by 


EXPERIMENTAL RESULTS. 


single isolates.—Preliminary experiments designed to 


determine if heterothallism exists in P. 
August. 1955, at West Virginia University 


Thirty isolates of their stock culture collection were 


infestans wert 


begun in 


grown in various combinations on soybean-meal aga1 
seeded with sporangial suspensions. 

Seven days after seeding, a few oogonia with amph 
gynous antheridia were observed in a number of the 
These oogonia, which contained 


mixed cultures. 


oospores, appeared in localized sections of a plate in 
numbers ranging from 10 to 200 per Petri dish and 
were golden brown when mature. Although antheridia 
were observed on many of the oogonia, they were not 
found on many others, 

Since these first results suggested that mating groups 
may have been present, all isolates in mixtures that 
produced oospores were grown singly and In pairs. 
These tests revealed that a number of these isolates 
would form a few oospores when grown alone and 
that pairing or growth in mixtures had no effect upon 
the number and type ot oospores produced. Later 
experiments showed that this phenomenon is common 
in a large number of isolates growing upon soybean 
meal agar and that the number of oospores produced 


by an isolate is variable. 


Vating LTroups and oOospore formation | pon com 
pletion of the preliminary experiment above. the re 
sults were reported to Fort Detrick, where similar 
mixed-culture experiments were carried out. Four 
isolates from Mexico, designated 26M, 42M. 43M, 


and 66M.° were included in this experiment. Examin 


ation of the cultures 3-5 days later revealed oospores 


> Obtained trom J » Niederhauser. The Rockefeller 


Foundation, Mexico D. F., Mexico, via the U. S. Department 
of Agriculture. 
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isolates 26M, 42M, on 
13M were paired with any other isolate (Fig. 1, A). 
Further pairing tests conducted at Fort Detrick and 


in great abundance wheneve! 


at West Virginia University revealed abundant oospore 
production (several hundred times that produced by 
single-isolate cultures) whenever one of these 3 Mexi- 
can isolates was paired with any of 105 different 
United States, Canada, 
Africa, and the West Indies 
Mexican isolate 66M reacted as did isolates from the 


| rite d States. 


isolates obtained from the 


western Europe, South 


Thus, 2 mating groups were established 


P infestans, one composed ot > of the } Mexi an 


isolates and the second composed ot all other isolates 


tested No oOos pores have been observed in paired 


iltures of compatible isolates separated by dialysis 


nembranes or in cultures to which 


filtrates 


idded 


ippeared 


sterile 


om cultures ot compatible isolates had heer 


The sexual structures in paired cultures 
similar to those described by Pethybridge and Murphy 


) 


a” is occurring in single cultures The most charac 


teristic morphological feature is the amphigynous 
intheridium that adheres tenaciously to the oo 


Fig. 1. ¢ 


bridge and Murphy as passing through the 


ronium 
The oogonial incept. described by Pethy 
intherid- 
protoplasm of the 


ium. is usually visible. The young 


oogonium is finely granular and homogeneous (Fig. 
l. D) but becomes filled with oil globules within 2-3 
days. Eventually the oil globules become indistinet 


the protoplasm pulls away from the pigmented wall 


smooth thick-walled oospore 


the oogonium, and a | 


develops (Fig. a ( 
When compatible 


mvé elial tults, oospore 


isolates were paired by transfer 
formation began very soon 
ifter the 2 advancing mycelia joined (usually within 
3-5 davs) and continued for 3-4 weeks. With this 
method of seeding, oospore development was concen 
across the center or 


’ 
is ft 


trated in a region of several cm 
toward | side of the Petri dish; 
formed in the area of a single focal plane of a micro- 
scope field 1.5 mm_ in When the aga 


medium was seeded with a mixed sporangial suspen- 


olten as many 
diameter. 
slowly and were more 


sion, oospores formed more 


sparsely distributed than when mycelial tufts were 


used. With both 


throughout the depth of the medium, provided it did 


methods, were formed 


oOOspores 
not exceed 3 mm. 

Oospores formed in liquid, solidified gelatin, or agar 
leaflets 


other 


media and in detached tomato and _ potato 


floated on water. In addition to soybean meal, 


natural media used successfully in either liquid or 


solid form included 1) ground frozen Lima beans: 2) 


sround cereals including rye, oats, rice, sorghum, 


millet, wheat and barley®; 3) steeped grain liquors of 


the above cereals’; and 4) V-8 juice.* Oospores formed 


g of ground grain per liter of distilled water. 
g of grain per liter of distilled 


Fifteen 
Prepared by steeping 250 
water 
> Two hundred ml of Campbell’s V8 juice (a blend of 
vegetable juices) and distilled water to make 1 liter. The 
reaction was adjusted to pH 5 by adding 3 g of CaCO, be 


fore filtering and autoclaving. 
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Fic 1. A-D). Oospore development in Phytophthora infestans. A) Oospores produced by compatible isolates in soy- 


bean-meal agar (about 70). B) Oospores produced in leaf tissue following paired inoculations with compatible isolates 
(about X70). ©) Oogonium containing maturing oospore and showing the attached amphigynous antheridium with the 
oogonial incept (about 500). D) Early stage in oospore development, showing hyphal attachments of the antheridium 
and oogonium (about 350). E-H). Stages in oospore germination in P. infestans. E) Early stage of oospore germina- 
tion. Note migration of protoplasm from oospore (about « 400). F) Germinated oospore with germ tube and terminal 
sporangium (about 100). G) Germinated oospore with terminal sporangium that has liberated zoospores (about 150). 


H) Germinated oospore showing direct germination of terminal sporangium (about 150). 
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more rapidly in frozen-Lima-bean agar and in V-8 juice 
agar than in any other medium tested. This was pre- 
sumably due to the vigorous rate of growth on these 
media. Several modifications of a glucose-asparagine 
synthetic medium (18) were tested but none was favor- 
able for oospore formation, although limited mycelial 
growth occurred, 

Oospores were formed in leaf tissue when adjacent 
inoculations with 2 compatible isolates were made on 
leaflets. The inoculations were made by placing filter 
paper disks saturated with sporangial suspensions on 
the leaflets: 
in a dew chamber at 18 


the inoculated leaves were then incubated 
20°C for 12—24 hours. Plants 
were then moved to a 21°C greenhouse, where lesions 
developed in 2-4 days. The leaflets with coalescing 
lesions were detached and floated on water in Petri 
dishes. Within 7 to 10 days after inoculation, micro 
scopic observation showed oospores at the juncture 
of any 2 lesions formed by compatible isolates (Fig. 
1. Bi. Since the developing »ogonia in leaf tissue are 
quite similar in size and color to necrotic mesophyll 


cells, their presence is more discernible after the 
mesophyll cells have disintegrated almost completely 
than in the earlier stages of lesion development. 

Phe color of the oogonia varies appreciably with the 
substrate. ranging from almost hyaline (in frozen-Lima- 
bean medium } ar moderately brown (in sovie an meal 
medium) to a very dark brown, red brown, or orange 


brown (in millet and sorghum media) or a_ bright 


golden color in steeped-barley medium Qogonia 


from detached leaves are moderately pigmented and 


closely resemble those from sovbean Ihe i] medium. 
Mature oospores vary from 24 to 56 u in diameter; the 
average being 30-40 u. depending in part on the 
isolates and the substrate. Table 1 shows the variation 
in size of oospores from 1 pairing on various sub- 
strates. No correlation appeared between oospore size 
and oegonial pigmentation or between either of these 
factors and ability to germinate. 

Oospore germination.—In April, 1956, germination 
of oospores produced in paired cultures of P. infestans 
was observed when dung infusions were used as the 
germinating liquid. Oospores usually germinated by 
the formation of germ tubes terminated by sporangia. 
Some of the tubes were shorter than the diameter of 
the oospore, whereas others were long and crooked 
and showed interealary swellings. Many germ tubes 
branched and produced more than 1 terminal spo- 
rangium. Occasionally, the protoplasm withdrew from 
a branch without sporangial formation. Rarely. ter- 
minal sporangia were forced into a lateral position by 


Although 1 or 2 


germ tubes or branches of the same germ tube com- 


continued growth of the germ tube. 


monly emerged from the same opening in the oogonial 
wall, as many as 4 have been observed. Occasionally, 
the germ tubes of oospores continued to grow without 
producing sporangia. 

Oospores begin germinating after 2—5 days in the 
germination medium. The spores continue to germi- 
nate a few at a time for several weeks. The most com- 


mon point of emergence of the germ tube is through 
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Paste 1.—Size of oospores of Phyphthora infestans result- 
ing from pairing isolate BW V4 with isolate 43M on 
different substrates 

Size in »* 


Substrate Minimum Average Maximum 


Potato leave s 24 5 31.5 38.5 
Soybean-meal agar 28.0 $1.0 56.0 
Millet agar x15 10.6 52.5 
Rye agar 1.5 4.9 19.0 
Frozen-Lima-bean agar 27.0 34.1 42.0 


Based on the measurement of 200 mature oospores with 
in oogonia, 


} 


the oogonial stalk and the antheridium, apparently a 
point of weakness in the oogonial wall. Occasionally, 
germ tubes emerge directly through a rupture in the 
wall of the oogonium. Shortly after emergence, the tip 
of the germ tube begins to swell (F ig. 1. E). The proto- 
plasm withdraws from the oospore and begins to flow 
into the swelling. About 24 to 48 hours after emer- 
gence. all of the protoplasm migrates into the swelling 
ind a cross wall forms, delimiting a sporangium that 
remains attached to the germ tube (Fig. 1, F) These 
sporangia appear to germinate directly or indirectly in 
the same manner as those formed asexually. Thus, a 
sporangium may form a germ tube at 20°C (Fig. 1, 
H). whereas it may form zoospores at 12° (Fig. 1, G). 

Germination occurred in 1:10, 1:25, and 1:50 dilu- 
tions of the stock horse-dung infusion but was slightly 
better in the 1:25 dilution than in the other 2 concen- 


trations. Little or no germination occurred, however, 


| oospores were pretreated with higher com entrations 


of the infusion. Similar concentrations of cow- or 
sheep-dung infusions induced germination equal to 
that oecurring in horse-dung infusion. 

solutions 


Pretreatment with calcium hypochlorite 


(10 per cent of saturation to saturation) for 24 hours 
before treatment with a 1:25 dilution of horse-dung 
infusion induced more rapid germination than did 
pretreatment for an equal period of time with distilled 
water. The total amount of germination over a period 


of several weeks. however, was not materially in- 


creased. Potato-soil leachate induced approximately 
the same amount of germination as did dung infu- 
sions. The effectiveness of the leachate was not altered 
by autoclaving for 20 minutes at 15 lb. steam pressure. 
Another 


was a mixture of 9 vitamins: 


preparation inducing oospore germination 
thiamine-HCl, riboflavin, 
pyridoxine-HCl, calcium pantothenate, p-aminobenzoic 
acid, nicotinic acid, choline chloride, inositol, and 
p-biotin. 


Although the 


germination, the percentage of spores that germinated 


above treatments induced oospore 


was relatively low. At the optimum concentration of 
horse-dung infusion, a total of 3-4 per cent of the 
spores usually germinated. Germination did not ex- 
ceed 1 per cent in many experiments but it approached 
10 per cent in a few experiments. Much variation in 
percentage germination occurred among apparently 
identical treatments in different experiments, in differ- 
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ent replic ations of the s f reatment ind n differ 
ent areas of the same et! l Such erratic germ! 
nation made it difficult t iate the effectiveness of 


different germinatior 


Occasionally, a single g ted oospore was ob 
served in control plate 1 wate! More fre 
quently, small numbers o ‘ es were observed 
to germinate in situ in | lish culture In a 
few old V-8 juice culturé e numbet IPproxl 
mately 50 per cent) of « vwospores have been ob 
served, but it was difh et etermine if germ tubes 
were present on the 

A number of othe t! ts ind pretreatments 
were studied, but none | i ypreciable effect on 
oospore vermination . retr itments followed 
by treatment i yrse-du fusion or | listilled 
water were used to eX] ire to 40°¢ irving 
alternate wettil ind dt ! Ol 6 months i 
agar culture o1 det it 12 nd 20 
alternate freezin 1 tl ( ic 
several months: a fi era ontl 0 
dew chamber that per | ceived potted potato 


plants None of these tre enhanced ern 


tion. Prolonged heat. « r aging decreased 
sequent germinatio ‘ bul nfusior 

Chemicals used is treatments or pre 
treatments included — the tollo ethvl formate 
ethylene chlorohydrin: nay ene acetic acid: oxa 
acid: 2? .4.5-trichloro ihe I ew sopropviace 
tate; potassium acetate licvlaldehyde sodium ¢1 
trate: sodium oleate od thiocyanate pyridine 
p-xvlose: furtura ‘ xanthine ind the 
mineral salts, ammo nhydrous potassiun 
carbonate, calcium carbonat lipotassium phosphate 
magnesium sulfate, pot trate. mon S 30 
dium phosphate, and sed fate in various com 
binations Although many of the hove compounds 
have been reported iz. 3 t t ilate the germina 
tion of spores of other 1 one of then when 
used without horse-dui I elicited any greate! 
oospore germination than listilled water 

Because of the errat I nation preliminary 
experiments involvin nH temperature were neon 
clusive: however erminat heen observed at 
temperatures rangi! tro io 2o% 

Plant infectior e | ogenicity of 2 cultures 
derived from sit le oOospore is peen te sted with re 
spect to sexual group nd ) hvsiologic race chat 


germinated under 


otato-soil leachate were 


acteristics. Over 300 oospor 


horse dung infusion o1 


picked and transferred to f el ma-bean agar or to 
potato tubers. Foun the ntinued to grow, and 
of these only 2 were obtained pure culture. One 
culture derived from pair solates of 43M (Race 
eA and WYV-4 (Race 1.4 ! ted as Race 1.4 when 
tested upon a series of differential potato plants but 
differed from it in growth ra nd type on Lima-bean 
agar. The second culture derived from isolates 42M 
(Race 1.2) and 62 (Race behaved as physiologi 
Race 0, when tested upot rieties Cobbler reces 
sive). Essex (R Re 8 , Pentland Ace R } 
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and DXD-3 (R,). Both oospore cultures were sexually 
compatible with isolates of the Mexican group only, 
No infection has been obtained by atomizing oospores 
in suspension directly on plants, even when the plants 
remained under moist conditions for periods up to 2 
weeks. Likewise, plants injected with oospores sus. 
pended in either water or horse-dung infusion failed to 
develop lesions after 2 weeks. 

Discussion.— The results reported herein showed 
that the 3 Mexican isolates (26M, 42M, and 43M 
were acting as 1 mating group and that the more than 
100 isolates from various parts of the world including 
| from Mexico were acting as another mating group. 
It remains to be determined if all isolates formed both 
antheridia and oogonia or whether some isolates in 
each group are bisexual and others unisexual. The 
fact that many isolates produced a_ few pertectly 
formed oogonia with antheridia when grown alone on 
soybean-meal agar suggests that the isolates have both 
genes for sex but are highly self incompatible. 

fo determine if hvbridization is occurring when 
isolates from the 2 groups are brought together, it will 
be desirable to establish single-oospore cultures and 
to determine if segregation for sex occurs in single. 
zoospore subcultures. Further work is being continued 
it West Virginia University with single-oospore cul- 
tures to determine if recombination will give rise to 
other races of P. infestans. 

If it is found that hybridization and recombination 
occurs, it would be logical to assume that the sexual 
stage plays a part in development of physiological 
races as well as in survival of P. infestans in Mexico, 
since both mating groups were represented by the 4 
isolates from Mexico. Niederhauser (22) has pointed 
out the importance of the discoveries reported here 
and has discussed their significance in the late blight 
problem in Mexico and elsewhere. At present it is 
believed that the sexual stage does not play a part in 
the disease cycle in the United States. in Canada. 
and in western European countries. This belief is 
based on the fact that so far only 1 of the mating 
groups has been found in isolates from these coun- 
tries. At present, it is not known why only | mating 
group occurs in North America. Gallegly and Galindo 
(11) found that the 2 groups exist in Mexico in a 
ratio of approximately 1:1. It seems unlikely that 
only 1 group has been introduced into the United 
States with the complete exclusion of the other. Fur- 
ther pairing of isolates may yet demonstrate the exist- 
ence of both mating groups in North America and 
I urope 

Since both mating groups were found in Mexico, it 
seems logical to assume that both groups occur also 
in other Central and South American countries where 
tuber-bearing species of Solanum grow undisturbed in 
nature and where the environment is similar to that 
of Mexico. 

The fact that mating groups exist in P. infestans may 
be used to explain why earlier workers have failed to 
find oospores or found them in small numbers. It is 
likely that only 1 of the mating groups existed in the 
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GROWTH INHIBITION AS A MECHANISM IN DUTCH ELM DISEASE THERAPY! 


Carl H 


Growth promoti ol rowtl hibitin ction of 
5 therapeutic illy active hemicals was determined 
in tests with pea-epicot ectior ind field-grown 
elms. These chemicals differes n their ability to 


promote growth. but snow ommon ability to 


Beckman 


IMARY 


ent. A good correlation was found between chemi 
cally induced inhibition of development of spring 
wood and reduced incidence of symptom expression 
in elms inoculated with Ceratostomella ulmi 
(Schwartz) Buis 


f chemical treatment and resumption of normal 


Reinoculation following cessation 


springwood development resulted in the usual in 


cidence of symptom development 





inhibit growth, part lat f sapwood, when nor 

mal concentrations of ind wel iid were pres 

\ clarification of the a ! of symptom in 
duction and therapeutic t n wilt diseases would 
be of considerable aid t me! ot d 
eased plants 

Ronsdorf (17) and Beel i , have reported that 
the Dutch elm disease patho ( 

(Schwartz) Buis.. prod \ culture Several 
investigators have found that exoe nes are produced 
by wilt pathogen l] he etabolite 
could effect a shift ! thie ! I etabol to 
induce Vast ul lr occt 

The metabolic state : s ppears to have i 
pronounced effect on t thogen intera 
Symptom development ire of discor 
tinuous growth habit whe noculation 
occurs during the period | 
Physiological as well tors a i 
to be responsible | | tomato. whicl la 
continuous growth = h pidly rowin 
plants produced under op isture conditions 
are subject to Fusat ! ereas woody slow 
growing plants that re It f noisture are le 
affected (6) 

Several lines of evider that therapeutants 
alter this metabolic state of t t to reduce suscept 
bility. Low fungitox iny therapeutants 
and therapeutant treate ¢ nd the necessity tot 
preinoculation treatment appr to preclude a more 
direct action against the fu rr tung metabolites 
In addition. many ther ipeutl ivents how tormative 
effects on host plant wherea KNOW! rowth regula 
tors often inhibit symptom ex] on 

With these evidences pointi toward the mportance 
of metabolic state of | host both for symptom indus 
tion by the pathoger i ympton nhibition by 
therapy. a study of the metabol response of the host 
in relation to disease production and prevention has 
heen undertaken. The effect of therapeutic agents on 
growth promotion and/or i n elm trees and 
pea epicotyls is reported here 

MATERIALS AND METHODS \ pea-epicotyl-section 

1 Accepted for publication Oct r 16 Y 

Contribution No. 931 from the R le Island Agricult 
Experiment Station. 

Supported in part by the Rl Island Department of 
Agriculture and Conservation with { provided by Leg 


lative Act No. 4899. January. 19 


test was used to compare growth-regulating properties 


of several therapeutically active agents. These agents 


were sodium-2-benzothiazolylmercaptoacetate (8). re- 
ferred to as BTMA, and the related compound sodium 
1.5-dimethyl-2-thiazolylmercaptoacetate, referred to as 
1.5-MTMA; 

to as 2,4-D; 


lPa-octahvdro-3.5.6. 10,12. 12a-hexahydroxy-6-methvl-l. 


2.4-dichlorophenoxyacetic acid (7). re- 
ferred }-dimethylamino-1.4.4a.5,5a.6.11. 
| 1-dioxo-2-naphthacenecarboxaminide (24). referred to 
as oxytetracycline:; and mono- 


laurate (24), 


polyethylenesorbitan 
a surfactant referred to as Tween 20 
\laska peas were presoaked for 4 hours and then 
yrown in quartz sand for 7-8 days in darkness at 23 
l°C: cuttings were prepared according to the meth- 
ods of Galston and Hand (10). Sections were held in 
a | per cent sucrose solution for 2 hours before treat- 
ment. Growth-regulating properties of the test chemi- 
cals under conditions of low auxin were determined by 
placing LO epicotyl sections in a petri dish with 10 
mi of 1 per cent sucrose solution containing either 5, 
0. or 500 ppm of chemical. Growth-regulating prop 
erties under conditions of optimum auxin level were 
determined in portions of the above solutions to which 
» ppm of indoleacetic acid (IAA) had been added 
In subsequent field expériments, nursery-grown elms 
(imus americana L.) 2-4 in. in diameter at breast 
height (d.b.h 


holes were bored horizontally and tan- 


were used. Treatment was as follows. 
[wo 14-in. 
sentially through the outer sapwood of the main stem 
from a single entrance hole approximately 6 in. above 
the base. A second set of such holes was bored from 
the opposite side of the main stem and approximately 
6 in. above the first. These holes allowed treatment 
of the entire sapwood cylinder without girdling. Dry 
2 g/in. diameter) was packed 


chemical (approximately 


into these holes. This chemical was generally found to 
be dissolved and taken into the sap stream during 8 
hours of daylight. No noticeable change in the rate 
of uptake occurred following as many as 11 reapplica- 
tions of chemical during a 6-week period. 

l'wenty-five trees were treated with a single applica- 
tion of 4.5-MTMA during the early bud-break stage of 
foliar development (May 2-16). Ten trees were given 
} weekly applications (May 2, 9, and 16). Growth 
effects on the variously treated trees and on 15 check 


trees were determined by periodic estimates of aver- 
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Mare hi 


h and measurements of current sapwood 
The =t 


ulmi through scalpel cuts into the 


age leaf lengt 
thickness in 


fresh twig sections. trees were 


inoculated with C. 


sapwood of 3- to 4-year-old branches (June 5) when 


uptake ot a 


leaves had developed sufficiently to insure 
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Fic. | 1. Phe effect of 2,4-dichlorophenoxyaceti« acia (24 1) 
1.5-dimethyl-2-thiazolylmercaptoacetate (4,5-MTMA), oxytetra 


of etiolated pea-epicotyl sections treated with indoleacetic ac 
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that showed no 


reinoculated. 


drop of conidial suspension. Trees 
after 20 days 


development was estimated visually as percentage of 


symptoms were Symptom 


the crown showing foliar wilt 


Pea epicotyl fest. Pea epicoty! sections 


RESULTS. 
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sodium-2-benzothiazolylmercaptoacetate (BTMA), sodium 
20 at various concentrations on the g 


10 ppm 


veline, and Tween rowth 


id (TAA) at either 0), >. or 
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were placed in l per cent su ylutions containing could be reversed. This increase in LAA reduced the 
5. 50, or 500 ppm of test rapeutants to detect inhibition by 4.5-MTMA (Fig. 4) and by BTMA. It is 
growth-regulating prope! it might function In ipparent, therefore, that these « ompounds act competi- 
plants during periods of lo 1 levels. Growth pro tively with IAA. In contrast, additional IAA did not 
motion comparable to | ed y indoleaceti relieve the inhibition by oxytetracycline or that by 
acid resulted from tr »4-D. Little or no Tween 20. These compounds commonly act as enzyme 
growth promotion lted treatment wil inhibitors and as such may have reduced growth. 

BTMA., 4.5-MTMA, « wr Twee 0) Elm test Since tissues as well as different plant 
1-3). Data were eplicat rr: species vary In their response to erowth substances, 


epicoty| sections the effects of treatment on leat length and on xvlem 


ssue development in field-grown elms were deter- 


ned The material 4.5 MTMA was used in this ex- 


Growth re oul iti 








might function in | ot t nined 

IAA levels were det » Py periment, since both promotion and inhibition of 

LAA into portions of ft Gro erowth resulted from various dosages of this chemical 

hibition was calculated if Lifts 1 the pea epicotyl test Growth response ind. thera- 

ence bn Tween Cl it itivit¥V at various dosages were compared, since 

LAA solution che \\ e vht licate the mechanism of therapeutic 

were used owt 

per cent less | nl Ditl \ moderate Y per cent inhibition of toliar ex- 

with other treatn I insion and a strong (70 per cent) inhibition of sap- 

At the 50-ppm lev + 4 NET MA wood development was found 33 davs after a single 

ind 2,4-D inhibited ( pplication 2 o/in. diameter) of 4,5-MTMA into 25 

it 000 ppm ill « ) ! i rees (| ) Three weekly ipplications into 10 trees 

(Fig. 1-3) resulted in an average ol O05 per cent foliar and 74 per 
Additional LAA nt sapwood inhibition 

several of Uv On the Ith day follown tial treatment lune 
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<) 


<odium 4.5-dimethyl-2-thiazolylmercaptoacetate (4,5- 


Fi 5-6. Fr ) Phe flect i her of weekly applications ot 
MTMA) in elms on th of leas ind thickness of sapwood at the time of ino« ulation and on incidence of wilt 20 days 
after inoculation with Ceratost , ulmi.—Fic. 6. Size of leaf and thickness of sapwood at the time of ino ulation or 


reinoculation with ¢ relation to incide wilt 20 days after inoculation. 
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15 check ulated 


Symptom incidence 20 days later was 0, 20, and 


5). these and trees were ino with ¢ 
ulmi 
100 per cent in trees that had received 3, 1, and no ap- 
plications ot 1.5-MTMA, respectively (Fig. 5). These 
trees were reinoculated on June 25, which was 54 days 
after single, and 40 days after multiple, treatments were 
Normal sapwood growth had resumed at this 


resulted in 100 per 


stoppe d 
cent In- 


dete! 


time. This reinoculation 


fection leat and sapwood development were 


1 


mined again at the time of reinoculation. Integration 


ot these and previously reported data | showed a 
good correlation between inhibition of sapwood devel 


No suct 


opment ind inhibition of symptoms (Fig. 6 
correlation was found between inhibition of foliar 
development and inhibition of symptoms, These re 
sults indicat i relationship betwee! ondition§ of 
the sapwood and susceptibility of the ho 

DISCUSSION. The fact that elm trees are most sus 
ep le to infection during the per od of 1 ipid spring 
crowth ] ests that the physicochemica ondition of 
living cells of the host is a factor in host-pathogen 
interaction. Accumulated evidence indi s that thera 
pe ithe igents may increase disease resistance by alt 
ng this sicochemical state 

Res ilts llere indicate that | ly pe ot | crap iti aif 
ti is correlated with the inhibition of growth. Re 
vorts that active growth promoters, such as 2.4-D. also 

lerapeutic agents appear, at first, incompatible 

with this conclusion Anv conclusions concerning such 
function, however. must take into account the concen 
tration of the chemical applied, its transport, and the 
additive effect in situ of this chemical and the normal 
complement of auxin in the plant durin e period of 
treatment In the pea-epicoty! test. the activity pote 

il of these chemicals was estimated. Growth promo 


tion ranged trom strong to none W he ntroduced 
with i phvsiologic ill active concentratio ot [AA 
weve! crowth promoters and ne romoters ot 
oTrowtl iliKeé showed little capacity to increase crowth 
but instead showed a strong inhibiting activity 
When the factors of transport and normal auxin 
mt nf ' | | thea | t 
complement were introduced, as in the elm experiment 


with 4.5-MTMA, 


pecially In tne 


inhibition was again apparent, es 


cood 


development of xylem tissue \ 


correlation was found between this inhibition of xylem 


development and inhibition of development 


After 


development of 


symptom 


following inoculation. treatment was terminated 


and normal sapwood had resumed, 


reinoculation resulted in symptom development con 


parable to that in untreated trees. There was, then, a 


consistent association between inhibition of sapwood 


development and resistance to infection. 


The relationship between resistance and inhibition 
ot development ol sapwood is not yet understood. At 
present, 2 possibilities are suggested. First, morpho- 


logical differences may be responsible. Complete in 


hibition of springwood would necessitate inoculation 


1 


into the 


previous summerwood, whereas intermediate 
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inhibition could result in fewer, smaller vessels com- 


The 


a morphological basis 


parable to summerwood resistance of 
itself have 


inhibition 


Summer- 
(2? 


fundamental 


may in 
this 


changes in the physicochemical state of the host. As 


wood 


Secondly, may result in 


pointed out earlier, susceptibility of elm is low dur- 


ing the summer, whereas drought hardening reduces 


symptom development in tomato. Since in both cireum- 
stances diflerentiation would be great, and since growth 


he ld to he 


that many 


ind differentiation are competitive processes 


13). it is conceivable factors or agents that 


inhibit growth could increase differentiation (or ma- 


turation in the case oft poorly differentiated tissue). Re- 


sistance of fiber cells to decay is dependent upon the 
degree of differentiation (13 Resistance to the action 


enzymes of wilt pathogens and therefore inhibition 


of symptom development, may also depend upon strong 


differentiation If so. it : necessary to consider the 


1 
ssues involve ad 


Phere is considerable evidence that a 


primary 


factor in wilting is the occlusion of vessels by gums 
ind tvloses (4, 9, 18, 25 Chattaway (5) has shown 
further that gums and tyloses (in heartwood forma 
on) arise from ray parenchyma cells that lie adjacent 
to nd re in intimate contact with, a vessel because 
of a common pit pair. A similar situation has been re- 
ported tor patholog il vessel occlusion in oak wilt 
19 The physicochemical state of the ray-paren- 
chyma cells may therefore be of primary importance in 
vilt development and_ therapy Preston (15) de- 

ibes the primary cell wall as a metabolically active 
portion ol the cell that integrates with the cell proto- 
plast. Thimann and Samuel (20) have shown that 
nechanical coherence in the cell wall is decreased, 
whereas permeability is increased, during growth, 
\uxins further condition a dissociation and expansion 
of cytoplasmic proteins (14, 22). The number of avail- 
ble sulfhydryl groups is increased (14, 16). These 
reports suggest that constituents of the entire cell, in 


distended, 


influence 


cluding the primary wall, are in a highly 


perme ible. and reactive state when under the 


of optimum auxin concentrations 


These physiological 


+} ' 


changes can occur whether actual growth is possible or 


not (2] It is conceivable, therefore. that exoenzymes, 
which are known to be produced by many wilt-inducing 


greater effect 


may better permeate and have 


in cells that are in this highly permeable and reactive 


organisms, 


condition than in cells that are strongly differentiated. 


Such a hypothesis could account for greater symptom 


induction during periods of rapid succulent growth 
than during slow growth. Conversely, inhibitors that 
antagonize host- or pathogen-produced auxin, or that 
1 more condensed, less permeable, 


cell 


reduc e or 


otherwise induce 


ind less highly reactive primary wall and proto- 


plast than is normal, may prevent patho- 


genic enzyme penetration and catalytic activity. 
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PHY TOPATHOLOGICAL NOTES 


The Effect of Water on the Partial Sterilization of Paste 1.--Fungal colonies* arising from 40 barley seeds 
Barley Seed by Propylene Oxide and by Heat.’ a E. that were moistened with water and sealed for 24 


TynerR.- In studies on the relative resistance of the 


microflora of seed to sterilizing agents, it was found 


that partial elimination of the flora on the seed of 


: ; Water Propylene Rhizopus 
Glacier barley was achieved by treatment with propy- added pe =e. 
lene oxide or with heat. In the first method. 0. 10. 20. y) ml /] 
or 30 per cent by weight of water was added to 50-g 
quantities of seed in 1-liter flasks. Propylene oxide in v 7 P 
various amounts—Q, 0.5, 0.75. 1.0. or 1.25 ml—was a 4 
placed in the flasks, which were then sealed for 24 10 Pp 
hours. The kernels were plated on potato-dextrose 1.25 P 
agar. and the colonies of bacteria and certain fungi 10 0) P 
that arose from them were recorded (Table 1). Bae 0.9 0 
terial colonies were present on almost all seeds follow- ry ; 
ing all treatments, although undoubtedly certain sus- 195 0 
ceptible species were destroyed. V arious genera of ”) 0) : P 
lungi were present, but the incidence of only 4 was 0.5 0 
recorded Three of the 4 genera of fungi were elimi 0.75 U 
nated satisfactorily by propylene oxide from either 1.0 v 
dry or moistened seed: however, Rhizopus spp which anna : 
are annoying “weeds” in plating studies, were not - ac : 

0.75 0 
! Contribution No. 1639 from the Botany and Plant 1.0 0 
Pathology Division, Science Service, Canada Department of 1.95 0 


Agriculture, Ottawa, Ontario. 


~ Ofthceer in Charge. 


harg Bacterial colonies arose fr 
194 


Edmonton. 


ark, F..A Disinfecting power of propylene oxide P indicates that colonies 
ind propylene chloride in relation to phytopathogenic bac were not counted. Numerals 
teria and fungi Abstr.) Phytopathology 37: 842 nies that arose from 40 seeds 
Paper Ba feru and tungai cole ‘ oO WW) barley seed tler ae fion of wate nad 
ous te eratures 
No of colonies 
lemperature Water added B cteria Rhizopus Fusari 
( Yellow Miscellaneous spp. spp 
Kw) 0 iD } 1] 
lO i) 5 6 
20 0) > l 
0 Kw) } 0 
15 0 52 5) lO 
10 Tf) ) 0 
20 20 20 0 
s() Kw) 2 0 
50 0) 10 5 5 
10 vD 9 2 
20 i) } 2 
8) i) | 0 
ss) 0 0 Kw) ) 2 
10 ] 26 ] 0 
20 ] 10) 0 0 
0) | 6 0 0 
60 0 0 i) 5 8 
10 8 32 } 0 
20 | 58 0 0 
10) 0 i) 2 0 


Number of plates infested. Eight seeds were plated in each of 5 plates. 
from each seed was recorded exc ept in the case of Rhizopus spp 
cord only 


whether or not it was present in the plate 
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hours in flasks containing propylene oxide 


No. ot ¢ olonies' 
Helmintho- 


Fusarium 


spp. Sportum and 
{/ternaria spp 
\ 8 
0 0 
0 0 
0 0 
0 U0 
10 7 
0 | 
(0) 0) 
0 0) 
) {} 
10 ) 
U (} 
t} t} 
i} {} 
0 ) 
18 12 
ft) (0) 
i) t) 
{) t} 
t} i} 
om most seeds. 
were present in all plates but 
indicate the number of colo 
cubation for 24 hours at vari 
un Helminthosporiun 
and 
{/ternaria spp. 
10 
5 
l 
] 
8 
l 
0 
8 
] 
] 
0 
} 
0) 
0 
0 
8 
0 
0 
0 


Che total number of bacteria and fungi arising 
The rapid growth of this fungus made it possible to re 
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eliminated from dry seed by any of the concentrations 
ol propylene oxide employe | Phi tungus was com 
pletely suppressed by the chemical if water was added 
to the seed before addition of e propylene oxide It 
appears that the gas peneti istened fungal o1 
plant tissue more effective loes drv tissue 

In the heat treatments, ¥ idded as above 
and the seed was pla plugged 200-ml 
flasks in a constant-ten th at 40°. 45 
50°, 55°, or 60°C for 24 The temperature 
the center of the mass of f i ibout 4 less than 
that of the hath The seed ited on potato-dex 
trose agar immediately aft ent. and data were 
secured on the coloni i certain tung 
that arose from the eed | Bacterial colo 
nies arose trom near treatment. No 
attempt to classify the if pecit of 
Yanthomonas. which | ‘ 
peratures, were suppre ( 
fungi was not eff | f +} 
dry seed, but the ad 
tated their eliminat ‘ 


efficient conductior , eed. R 
pus spp. were the 
or OU they were 
seed to which 20 o1 
Plant Patholo | ‘ i 
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bi | pustule of P ( mi in hypocotyl 
ifthe Note the extensive development of mycelium | 
the orientation of the internal pustule The surface- 
es il on the sa s1d the po 
the center rather than the surface of the stems 
petioles containing them. Schuster and Christian- 
en”® earlier reported internal sporulation of Puccinia 
Cda. within the hypocotyls and epicotyls of ! 
iflower Carthamus tinctorius | In their report at 
not possible to distinguish the sorus, but the ure- 
liospore and teliospore production found within cavi 
I cortex was oriented in a fashion that the 
ces of the internal sori were indistinguishable. 
he irpose ol this note is to re port ind illustrate 
the internal production by P. carthami of typical ure- 
dial sori oriented toward the center of the stem in 
between the cortex and the stele (Fig. 1) The 
in ng rise to the pus tiles was found within 
e cortex. but did not ippear present in the stele. 
es, there appears to be a reversed polarity 
t directs f ipex of the uredia toward the central 
xis of the host. On the outside of the same portion of 
stem, normal uredial sori were also produced ex- 
nally. Presumably the clearly interpretable struc- 
ire ot the iredial SOrus would have heen less easily 
een and identified if spore production had been long 
ntinued within the cavity occupied by the developing 
sustules.—-Department of Plant Pathology. University 
ot Nel I iska | in oln. Nebraska 
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nd root disease of safllower caused by Puccinia carthami 
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